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ADVERTISEMENT. 

The necessity of reprinting the Author's Natural 
Philosophy, has given him an opportunity of reviewing 
And correcting the whole, and of making many changes, 
which could not have been done on stereotype plates. 
In addition to these corrections, he has added about 
forty pages of letterpress, and more than twenty new 
cuts, chiefly on the subjects of the Steam Engine and 
Electro-JMc^etism. Both these subjects the Author 
has taken gpreat pains to explain and illusirate, in 
such a manner as to make them understood by the 
pupil. The mechanical principles on which this 
engine acts, it will be allowed, have been comprehend- 
ed only by a very few ; while the subject of electro- 
magnetism has become exceedingly interesting, on 
account of recent attempts to make its force a motive 
power. The whole work has been newly stereotyped ; 
and on all accounts, therefore, it is believed, will be 
much more acceptable to the public than formerly. 

J. Li. G» 
Hartford, Ct^ May^ 1838. 
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PREFACE. 



While we have recent and improved sjTBtems of Geogra* 
phy, of Arithmetic, and. of Grammar, in ample variety, — and 
Reading and Spelling Books in corresponding abundance, 
many of which show onr advancement in the science of edu- 
cation, no one has offered to the public, for the use of onr 
schools, any new or improved system of Natural Philosophy. 
And yet this is a branch of education very extensively studied 
at the present time, and probably would be much more so, 
were some of its parts so explained and illustrated as to make 
them more easily understood. 

The author therefore undertook the following work at the 
suggestion ot several eminent teachers, who for years have 
regretted the want of a book on this subject, more familiar 
in its explanations, and more ample in its details, than any 
now in common use. 

The Conversations on Natural Philosophy, a foreign work 
now extensively used in schools, though beautifully written, 
and often highly interesting, is, on the whole, considered by 
most instructors as exceedingly deficient — particularly in 
wanting such a method in its explanations, as to convey to 
the mind of the pupil precise and definite ideas ; and also in 
the omission of many subjects, in themselves most useful to 
the student, and at the same time most easily taught. 

It is also doubted by many instructors, whether Conversa- 
tions is the best form for a book of instruction, and particu • 
larly on the several subjects embraced in a system of Natu* 
ral Philosophy. Indeed, those who have had most experi- 
ence as teachers, are decidedly of the opinion that it is not ; 
and hence, we learn, that m those parts of Europe where the 
subject of education has received the most attention, and, 
consequently, where the best methods of conveying instruc- 
tion are supposed to have been adopted, school book% in the 
form of conversations, are at present entiielv out of use. 



6 PREFACE. 

The author of the following system hopes to have illustra- 
ted and explained most subjects treated of, in a manner so 
familiar as to be understood by the pupil, without requiriag 
additional diagrams, or new modes of explanations from the 
teacher. 

Every one who has attempted to make himself master of 
a difficult proposition by means of diagrams, knows t'aat 
the great number of letters of reference with which they 
are sometimes loaded, is often the most perplexing part of • 
the subject, and particularly when one figure is made to an- 
swer several purposes, and is placed at a distance from the 
explanation. To avoid this difficulty, the author has intro- 
duced additional figures to illustrate the difierent parts of the 
subject, instead of referring back to former ones, so that the 
student is never perplexed with many letters on any one fig- 
ure. The figures are also placed under the eye, and in im* 
mediate connexion with their descriptions, so that the letters 
of reference in the text, and those on the diagrams, can be 
seen at the same time. la respect to the language employed, 
it has been the chief object of the author to make himseli 
understood by those who know nothing of mathematics, and 
who, indeed, had no previous knowledge of Natural Philoso- 
phy. Terms of science have therefore been as much as pos- 
sible avoided, and when used, are explained in connexion 
with the subjects to which they belong, and, it is hpped, to 
the comprehension of common readers. This method was 
thought preferable to that of adding a glossary of scientific 
terms. 

The author has also endeavoured to illustrate the subjects as 
much as possible by means pf common occurrences, or com 
mon things, and in this manner to bring philosophical truths 
as much as practicable within ordinary acquirements. It is 
noped, therefore, that the practical mechanic may take some 
useful hints concerning his business, from several parts oi 
the work. 

Hartford^ May, 1830. 
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NATURAL PHILOSOPHY. 



THE PROPERTIES OF BODIES. 

1..A Body is any substance of which we can gain a 
knc \v ledge by our senses^ Hence, air, water, and earth, 
in all their modifications, are called lx)dies. 

2. There are certain properties which are common to all 
bodies. These are called tne essential properties of bodies. 
They are ffmpenetrabUity^ Extension^ Figure^ DivinHlity, 
Inertia^ am AttracHonT) 

3. lMPENETRABiLiTi( — ^By impenetrability(^it is meant 
that two bodies cannot occupy the same space at the same 
time, or, that the ultimate particles of matter cannot be pene- 
tratecQ (Thus, if a vessel oe exactly filled with water, and a 
stone, or any other substance heavier than water, be dropped 
into it, a quantity of water will overflow, just equal to the 
size of the heavy body^ This shows that the stone only 
separates or displaces me particles of water, and therefore 
that the two subistances cannot exist in the same place at the 
same time. fi( a glass tube open at the bottom, and closed 
with the thumb at the top, be pressed down into a vessel of 
water, the liquid will not rise up and fill the tube, because 
the air already in the tube resists it ; but if the thumb be re- 
moved, so that the air can pass out, the water will instantly 
rise aa high on the inside of the tube as it is on the outside/ 
This shows that the air is impenetrable to the water. 

4. If a nail be driven into a board, in common language, it 
IS said to penetrate the wood, but in the language of philoso- 
phy it only(separate8^ or displaces the particles of the woodJ " 

-* " 

What is a body 1 Mention several bodies. What are the essential 
properties of bodies 1 What is meant by impenetratnlity 7 How is it 
proved that air ^nd water are impenetrable '{ When a nail is driviii 
into a board or piece of lead, are the particles of these bodies penetiatcd 
or separated 1 
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The same is the case, if the nail h^ driven into a pieee of 
ead ; the particles of the lead are separated from each other, 
.nd crowded together, to make room for the harder body, 
»ut the particles themselves are by no means penetrated by 
be nail. 

5. When a pieee of gold is dissolved in an acid, the par- 
icles of the metal('are divided, or separated^rom each other, 
nd diffused in the* fluid, but the particles 6f gold are suppo- 
ed still to be entire, for if the acid be removed, we obtain 
he gold again in its solid form, just as though its particles 
tad never been separated. 

6. ExTENsioN.-f-Every body, however small, must have 
ength, breadth, ana thickness, since no substance can exist 
vrithout them^ By extensiop, the^refore, is only meant -these 
ualities. ^xtension h^ no respect to the size, or snape of 
. bodyy T^e size and ^hape of a block of wood a foot 
quare is quite difierent from that of a walking stick. But 
hey both equally possess length, breadth, and thickness, since 
he stick might be cut into little blocks, exactly resembling 
a shape the large one. And these little cubes might again 
e divided until they were' only the hundredth part of an inch 
a diameter, and still it is obvious, that they would possess 
ength, breadth, and thickness, for they could yet be seen, 
Bit, and measured. But suppose each of these little blocks 
3 be again divided a thousand times, it is true we could not 
leasure them, but still they would possess the quality of ex- 
3nsioD, as really as they did before division, the only difler- 
nce being in respect to dimensions. . 

7. Figure, oTform.iia the result of extensioa/for we can- 
lOt conceive that a body^as length and breadth, without its 
Iso having some kind of figure, however irregular^ 

8. Some solid bodies have certain or determmati forqis 
^hich are produced by nature, and are always the same 
p-herever they are found. Thm^fn crystal of quartz has six 
ides, while a garnet has twelve sides^' these numbefs being 
ivariable. Some solids areao irre^lar, that they cannot 
e compared with any mathematical figure. This is the 
ase with the fragments of a broken rock, chips of wood« 
ractured glass, &c. 

Are the particles of gold dissolved, or only separated, by the acid 1 
Vliat is meant by extension 1 In how many directions do bodies pos* 
ess extension 1 Of what is figure, or form, the result t Do all bcilies 
possess figure 7 What solids are regular in their ibrms \ What be 
ies are irregular 1 
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PROPERTIES OF BODIES. 11 

9. Fluid bodies have no determinate formt, but take their 
shapes from the vessels in which they happen to be placed. 

10. Divisibility- — By the divisibility of matter, we 
mean that a body may be divided into parts, and that these 
parts may again be divided into other patts^ 

11. It is quite obvious, that if we break a piece of marble 
rato two parts, these two parts may again be divided, and 
(hat the process of division may be continued until these 
Mirts are so small as not individually to be seen or felt 
But as every body, however small, must possess extension 
and form, so we can conceive of none so minute but that it may 
again be divided. There is, however, possibly a limit, beyond 
which bodies cannot be actually divided, for there may be 
reason to believe that the atoms of matter are inidvisiblo 
by any means in our power. But under what circumstances 
this takes place, or whether it is in the power of man during 
bis whole life, to pulverize any substance so finely, that it 
may not again be broken, is unknown. 

12. We can conceive, in some degree, bow minute must 
be the particles of matter from circumstantes that every day 
come within our knowledge. . 

13./^ single grain of miiak will scent a room for years, 
and still lose no appreciable part of its weight^ Here, the 
particles of musk must be floating in the air of every part 
of the room, otherwise they could not be every where per- 
ceived. 

14. Gold is hammered so thin, as to take' 282,000 leaves 
to make an inch in thickness. Here, the particles still ad- 
here to each other, notwithstanding the great surface which 
they cover, — a single grain being sufficient to extend over a 
surface of fifly square inches. 

15. The ultimate particles of matter, however widely they 
may be difiused, are not individually destroyed, or lost, but 
under certain circumstances, m^y again be collected into a 
body without change of form. ^, Mercury, water, and mnny 
other substances, maybe converted into vapor, or distilled in 
clo^e vessels, without any of their particles being lost In. 



What 18 meant by divisibility of matter 1 Is there any limit to the 
divisibility of matter "? Are the atoms of matter divisible 1 What ex- 
amples are given of the divisibility of matter "? How many leaves of 
|old does it take to make an inch in thickness 1 How many square 
inches may a ^ain of gold be made to cover 1 Under what circuir- 
•tances may the particles of matter again be collectad in their original 
fonnt 
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mch cases, there is ^decomposition of the substances, but 
3nly a change of form by the heat, and hence the mercury 
and water assume their original state again on cooling. 

16. When bodies sufier decomposition or decay, their el- 
ementary particles, in like manner, are neither destroyed 
nor lost, but only(enter into new arrangements or combma- 
tions with other bodies^ 

17. When a piece ofwood is heated in a close vessel, such 
as a retort, we obtain water, an acid, several kinds of gas, and 
there remains a black, porous substance, called charcoal. 
The wood is thus decomposed, or destroyed, and its particles 
take a new arrangement, and assume new forms, but that 
nothing is lost is proved by the fact, that if the water, acid, 
gasses, and charcoal, be collected and weighed, they will 
be found exactly as heavy as the wood was, before distillation. 

18. Bones, flesh, or any animal substance, may in the 
same manner be made to assume new forms, without losing 
a particle of the matter which they originally contained. 

19. The decay of animal or vegetable bodies in the open 
air, or in the ground, is only a process by which the particles 
of which they were composed, change their places, and as- 
sume new forms. 

20. The decay and decomposition of animals and vegeta- 
bles on the sur&ce of the earth form the soil, which nou- 
rishes the growth of plants and other vegetables ; and these, 
in their turn, form the nutriment of animals. Thus is there 
a perpetual change from death to life, and from life to death, 
and as constant a succession in the forms and places, which 
the particles of matter assume. Nothing is lost, and not a 
particle of matter is struck out of existence. The same mat- 
ter of which every living animal, and every vegetable, was 
formed, before and since the flood, is still in existence. As 
nothing is lost or anpihilated, so it is probablefthat nothing 
has been added, andfihat we, ourselves, are composed of par- 
ticles of matter as oYd as the creation. * In time-, we must, in 
our turn, suffer decomposition, as all forms have done before 
us, and thus resign the matter of which we are composed, to 
form new existences. ) 

21. Inertia. — Inertia means passivenpiss or want of 

When bodies suffer decay^ are their particles losti What becomep 
of the particles of bodies which decay 1 Is H probable that any paatter 
nas been annihilated or added, since the first creation 1 YHiat is said 
of the particles of matter of wnich we are made 1 What does inertia 
meanf 
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power.^ Thus matter is, of itself, equally incapable of pnU 
ting itself in motion, or of bringing itself to rest when io 
motion. 

22. It is plain that a rock on the surface of the earth, 
never changes its position in respect to other things on the 
earth. It has of itself no power to move, and would, there- 
fore, for ever lie still, unless moved by some external force. 
This fact is proved by the experience of every person, for 
we see the same objects lying in the same positions all our 
lives. Now, it is just as true, that inert matter has no pow- 
er to bring itself to rest, when once put in motion, as it isi 
ihat it cannot put itself in motion, when at rest, for having 
no life, it is perfectly passive, both to motion and rest, and 
therefore either state depends^ entirely upon circumstances. 

23. Common experience proving that matter does not 
put itself in motion, we might be led to believe, that rest iM 
the naturalstate of all inert bodies, but a few considerations 
will showCthat motion is as mvich the natural state of mat- 
ter as rest\nd that either state depends on the resistance, or 
impulse, m external causes. 

24. If n cannon ball be rolled upon the ground, it will 
soon cease to move, because the ground is rough, and pre* 
scnts impediments to its motion ; but if iL be rolled on the 
ice, its motion will continue much longer,(^cau8e there are 
fewer impediments, and consequently, the same force of im- 
pulse will carry it much farther."^ We see from this, that 
with the same impulse, the distance to which the hall' will 
move must depena on the impediments it meets with, or the 
resistance it has to overcome^ But suppose that the ball 
and ice were both so smootRas to remove as much as pos- 
sible the resistance caused by friction, then it is obvious that 
the ball would continue to move longer, and go to a greater 
distance. Next suppose we avoid the friction of the ice, and 
throw the ball through the air, it would then continue in 
motion still longer with the same force of projection, be- 
cause the air alone, presents less impediment than the'^air 
and ice, and there is now nothing to oppose its constant mo« 
tion, except the resistance of the air, and its own weight, or 
gravity^ 

25. If the air be exhausted, or pumped out of a vessel by 

Is rest or motion the natural state of matter 1 Why does the ball 
roll further on the ice than on the |pround 1 What does this prove 1 
Why, with the same force of projection, will a ball move fiurther thnmgl 
the tai than on the ice 1 
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means of an air pomp, and a common top, with a small* baid 

Eoint, be set in motion in it, the top will continue to spin for 
ours, ^ecause the air does not resist its motioiO A pendu* 
lum, seT in motion, in an exhausted vessel, will continue to 
swing, without the help of clock work, for a whole day, be- 
cause there is nothing to resist its perpetual motion, but the 
small friction at the point where it is suspended, and gravity. 
f 26. We see, then, that it is th^resistance of the air, of fric- 
tion, and of gravity, which causes bodies once in motion to 
cease moving, or come to rest, and that dead matter, of itself, 
Is equally incapable of causing its own motion, or its own 
restj 

27. We have perpetual examples of the truth of this doc 
trine, ;^n the moon, and other ^lanets^ These vast bodies 
move through spaces which are void w the obstacles of air 
and friction, and their motions are the same that they were 
thousands of years ago, or at the beginning of creation. 

28. AxTRACTiON.-jffiy attraction is meant that property, 
or quality in the particrCs of bodies, which make them tend 
oward^each otherX 

29. We know^that substances are composea of small 
atoms or particles of matter, and that it is a collection of these, 
united together, that forms all the objects with which we are 
acquainted.^ Now, when we come to divide, or separate any 
substance into parts, we do not find that its particles have 
been united or kept together by glue, little nails, or any such 
mechanical means, but that they cling together by some 
power, not obvious to our senses. This power we call ai- 
traction^ but of its nature or cause, we are entirely ignorant 
Experiment and observation, however, demonstrate, that this 
power pervades all material things^Vand that under different 
modification&« it not only makes the particles of bodies adhere 
to each otherj'^at is the cause which /keeps the planets in 
their orbits as they pass through the heaven^ 

30. Attraction has received different nameis/ according to 
the circumstances under which it acts.^ "^ 

31. /The force which keeps the particles of matter to- 
* , o 

Why will atop spin, or a pendulum swing, longer in an exhausted 
vessel than in the air ? What are the causes which resist the perpetual 
motion of bodies 1 Where have we an example of continued motion 
without the existence of air and friction 1 What is meant by attrac- 
tion 1 What is known about the cause of attraction ? Is aUraction 
common to all kinds of matter, or not ? What effect does this power 
hKWB upon the Dlanets 1 Why has aUxtuetioTv xoMaNeidi ^^«t«D& uuiies % 
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gether, to form bodies, or masses, is called attraction of eo- 
hesion:y ^hat which inclines different masses towards each 
other<^s called attraction of gravitation, ^hat which 
causes liquids to rise in tubes, is called capillary attraction^ 
n'hat which forces the particles of sub^ances of difierent 
kinds to u||te, is known under the name of chemical at- 
traction^ Ifhat which causes the needle to point constantly 
towards the jpoles of the earth is magnetic attractiov^ 4uid 
that which is excited ;^y friction in certain substances, is 
known by the name of electrical attraction,.- 

32. The following illustrations, it is hSped^ will make 
each kind of attraction distinct and obvious to the mind of 
the student. 

33. Attraction of Cohesion acts only at insensible 
distances, as when the particles of bbdies apparently touch 
each other^ 

34. Talte two pieces of lead, of a round form, an inch in 
diameter, and two inches long ; flatten one end of each, and 
make through it an eye-hole for a string. Make the other 
ends of each as smooth as possible, by cutting them with a 
sharp knife. If now the smooth surfaces be brought to- 
gether, with a slight turning pressure, they will adhere 
with such force that two men can hardly pull them apart by 
the two strings. 

35. In like manner, two pieces of plate glass, when their 
surfaces are cleaned from dust, and they are pressed to- 
gether, will adhere with considerable force. Other smooth 
substances present the same phenomena. 

36. This kind of attraction is much stronger in some 
bodies than in others. Thus, it is stronger.*: in the metalf. 
than in most other substances, and in some of the metals it 
is stronger than in others. In general, it is most powerful 
amongJthe particles of solid bodies, weaker amongi those of 
liquids^and probably entirely wanting among elastic fluidSi 
such as air, and the gases. 

37. Thus, a small iron wire will hold a suspended weight 
of many pounds, without having its particles separated ; the 

I ■■■»■ ■■■■»— ■ ■ —■1 !■ I II. ■■.■MJI ■ gl ^^W^— ^— — ■■ I — i^— ^——1 — ^^»^1.^^» 

How many kinds of attraction are there 1 How does the attraction 
of cohesion operate "i What is meant by attraction of ^gravitation % 
What by capillary attraction 1 What by chemical attraction 1 What 
is that which makes the needle point*towards the polel How is elec- 
trical attraction excited 1 Give an example of cohesive attraction 1 
In what substances is cohesive attraction the siiongieaiL'l \cl nr\aX «^ 
itaiice is it weakest 7 
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particles of water are divided by a very small force, whilii 
those of air are still more easily moved among each othei. 
These different properties depend on the force of cohesion 
with which the several particles of these bodies are united. • 
38. When the particles of fluids are left to arrange them- 
selves according to the laws of attraction, the bodies which 
they compose assume the form of a globe or ball/ 
f 39. /Drops of water thrown on an oiled surface or on wax 
— globules of mercury, — hail stones, — a drop of water ad- 
hering to the end of the finger, — tears running down the 
cheeks, and dew drops on the leaves of plants, are ail 
examples of this law of attraction. The manufacture of shot 
is also a striking illustration. The lead is melted and 
poured into a sieve, at the height of about two hundred feet 
from the ground. The stream of lead, immediately after 
leaving the sieve, separates into round globules, which, be- 
fore they reach the ground, are cooled and become solid, 
and thus are formed the shot used by sportsmen. 

40. To account for the globular form in alP these cases^ 
^ we have only to consider that the particles of matter are 

mutually attracted towards a common centre, and in liquids 
being free to move, they arrange themselves accordingly 

41. In all figures except the ^lobe, or ballJsome orthe 
particles must be nearer the centre than others. But in a 
body that is perfectly round, ^Very part of the outside is 
exactly at the same distance from the centr^ 

4*2. Thus, the comers of a cube, or '^ Fig. 1. 
square, are at much greater distances 
from the centre, than the sides, while the 17^ 
circumference of a circle or ball is every / 
where at the same distance from it. This ( 
difference is shown by &g. 1, and it is \ 
quite obvious, that if tfce particles of \ 
matter are equally attracted towards the 
common centre, and are free to arrange 
themselves, no other figure could possibly be formed, since 
then every part of the outside is equally attracted. 

43. The sun, earth, mooni; and indeed all the heavenly 




Why are the particles of fluids more easily separated than those of 
solids 1 What form do fluids take, when their particles are left to their 
own arrangement 1 Give examples of this law. How is the globular 
form which liquids assume accounted for? If the particles of a body 
are free to move, and are equally attracted towaros the cenire, what 

vH be its %ure ] Why must the figuxe V» «l gYoVw'X 
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Fig. 2. 




foodies, are illustrations of this law, and therefore were pro- 
bably in so soft a state when first formed, as to allow tneir 
particles freely to arrange themselves accordingly. 

44. Attraction of Gravitation.— As the attraction of 
cohesion unites the particles of matter into masses or bodies, 
so the attraction of gravitation tends to force these masses 
towards each other, to form those of still greater dimensions. 
The term gravitation, does not here strictly refer to the 
iveight of bodies, but to the attraction of the masses of matter 
towards each other, whether downwards, up\vards, or hori- 
zontally. 

45. The attraction of gravitation is mutual, since all 
bodies not onlv attract other bodies, but are themselves at- 
Iracted* 

46.frwo cannon balls, when suspended by 
long cords, so as to hang quite near each other, 
are found to exert a mutual attraction, so that 
neither of the cords is exactly pcrpcndi^lar 
but they approach each other, as in fig. 2i 

47. In the same manner, the heavenly bo- 
dies, when they approach each other, are drawn 
out of the line of their paths, or orbits, by mu- 
tual attraction. 

48. The force of attraction increases in pro- 
portion as bodies approach each other, and by 
che same law it must diminish in proportion as 
they recede from each others 

49. Attraction, in technical language, is in- 
versely as the squares- of the distances between 
the two bodies. That is, in proportion as the 
square of the distance increases, in the same 
proportion attraction decreases, and so the contrary. Thus, 
if at the distance of 2 feet, the attraction be equal to 4 pounds, 
at the distance of 4 feet, it will be only 1 pound; for the 
square of 2 is 4, and the square of 4 is 16, which is 4 times 
the square of 2. On the contrary, if the attraction at ths 
distance of 6 feet be 3 pounds, at the distance of 2 feet it 
will be 9 times as much, or 27 pounds, because 36, the 
square of 6, is equal to 9 times 4, the square of 2. 

"What great natural bodies are examples of this law 1 "What is meant 
by attraction of gravitation 1 Can one bodv attract another witho*U 
being itself attracted 1 How is it proved that boAvca bXUbjcX t;xs;\v ^^Ouftfc'V 
By what law, or ruJe, does the force of allTaclioti \Tvct«»sfc'V ^\"h%« 
tfXMDple of this rule. 

2* 
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50. The intensity of light is (oimd. to increase and di- 
minish in the same proportion. |ThuSf if a hoard a foot 
square, he placed at the distance of one foot from a candle, 
it will be found to hide the light from another board of two 
feet square, at the distance of two feet from the candle. Now 
a board of two feet square is just four times as large as one 
of one foot square, and therefore the light at double the dis* 
tance being spread over 4 times the surface, has only one 
fourth the intensity. . 

51. The expe- • Fig. 3. 
riment may be ea- 
sily tried, or may 
be readily under- 
stood by fig. 3, 
where c repre- 
sents the candle, 
A, the small 

board, and B the large one ; B being four times the size 

of A .... 

The force of the attraction of gravitation, is in proportion 
to the quantity of matter the attracting body contains. > 

Some bodies of the same bulk contain a much greater 
quantity of matter than others : phus, a piece of lead con- 
tains about twelve times as much matter as a piece of cork 
of the same dimensions, and therefore a piece of lead of any 
given size, and a piece of cork twelve times as large, will 
attract each other ei|ua}ly. ; 

52. Capillary Attraction.— *-The force by which 
small tubes, or porous substances, raise liquids above their 
levels, is called capillary attraction. 

If a small glass tube be placed in water, the water on the 
inside will be raised above the level of that on the outside of 
the tube. The cause of this seems to be nothing more thaia 
the ordinary Mtraction of the particles of matter for each 
other. "^ The sides of a small orifice are so near each other, 
as to attract the particles of the fluid on their opposite sides, 
and as all attraction is strongest in the direction of the 



How is it shown that the intensity of light increases and diminishes 
in the same proportion as the attraction of matter 1 Do bodies attract 
in proportion to bulk, or quantity of matter? What would be the dif- 
ference of attraction between a cubic inch of lead, and a cubic inch of 
cork ■? Why would there be so much difference 1 What is meant by 
capillary attraction 1 How is this kind of attraction illustrated witr 
a glass tube ? 
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greatest quantity of matter, the water is raised upwards, or 
in the direction of the length of the tube. On the outside 
of the tube, the opposite sur&ces, it is obvious, cannot act 
on the same column of water, and therefore the influence 
of attraction is here hardly perceptible in raising the fluid. 
This seems to be the reason why the fluid rises higher o*i 
the inside than on the outside of the tube. 

53. great variety of porous substances are capable < 4 
this kind of attraction. If a piece of sponge or a lump of 
sugar be placed, so that its lowest corner touches the water, 
the fluid will rise up and wet the whole mas&L/ In the same 
manner, the wick of a lamp will carry up the oil to supply 
the flame, though the flame is several inches above the level 
of the oil. If the end of a towel happens to be left in a 
basin of water, it will empty the basin of its contents. And 
on the same principle, when a dry wedge of wood is driven 
into the crevice of a rock, and afterwards moistened with 
water, as when the rain falls upon it, it will absorb the 
water, swell, and sometimes split the rock. In Germany, 
mill-stone quarries are worked Iq this manner. 

54. Cheivical ATTRACTlONVtakes place between the 
particles of substances of difierent kinds, and unites them 
into one compound. 

55. This species of attraction takes place only between 
the particles of certain substances, and is not, therefore, a 
universal property. It is also known under the name of 
chemical affi?ntfii^hecsiuse it is said, that the particles of sub* 
stances having an affinity between them, will unite, while 
those having no affinity for each other do not readily enter 
into union. 

56. There seems, indeed, in this respect, to be very sin- 
gular preferences, and dislikes, existing among the particles 
of matter. IChus, if a piece of marble be thrown into sul- 
phuric acid,rtheir particles will unite with great rapidity 
and commotion, and there will result a compound differing 
in all respects from the acid or the marble^ But if a piece 
of glass, quartz, gold, or silver, be thrown into the acid, no 
change is produced on either, because their particles have 
no affinity. 

Why does the water rise higher in the tube than it does on the out- 
tide? Give some common illustrations of this principle. What is the 
effect of chemical attraction 1 By what other name is this kind of at- 
traction known ? What effect is produced when marble and sulphuric 
aeid are brought together 1 What is the effect when glass and this 
acid are brought together 1 What is the reason of this difference 1 
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Sulphur and quicksilver, when heated together, will foim 
a beautiful red compound, known under the name of vet' 
milion, and which has -oone of the qualities of sulphur or 
quicksilver. 

57. (Oil and water have no affinity for each other, but 
potash nas an attraction for both, and therefore oil and water 
will unite when potash is mixed with them) In this man- 
ner, the well known article^alled soav^s filmed. But the 
potash has a stronger attraction for air acid than it has for 
either the oil or thQp.:^ater; and therefore when soap is 
mixed with an acid^the potash leaves the oil, and unites 
with the acid, thus destroying the old compound, and at the 
same instant forming a new one^ The same happens when 
soap is dissolved in any wat^ containing an acid, as the 
water of the sea, and of certain wells. The potash forsakes 
the oil, and unites with the acid, thus leaving the oil to rise 
to the surface of the water. Such waters are called hard, 
and will not wash'^lbecause the acid renders the potash a 
neutral substance.^ 

58. Magnetic Attraction.— f There is a certain ore of 
iron, a piece of which, being suspended by a thread, wil. 
always turn one of its sides to the north. This is called the 
loadstone, or natural Magnet, and wlf^n it is brought near 
a piece of iron, or steel, a mutual attraction takes place, and 
under certain circumstances, the two bodies will come to- 
gether and adhere to each other. This is called Magnetic 
Attraction. VWhen a piece of steel or iron is rubbed with 
a Magnet, the same virtue is communicated to the steel, and 
it will attract other pieces of steel, and if suspended by a 
string, one of its ends will constantly point towards the 
north, while the other, of course, poinU towards the south.. 
This is called an artificial Magnet. /The magnetic needte 
is a piece of steel, first touched with tnie load^one, and then 
suspended, so as to turn easily on a pointy (py means of this 
instrument, the mariner guides his ship through the path- 
less ocean. See Magnetism. / 

59. Electrical Attraction.— 4jVhen a piece of glas^ 
or sealing wax, is rubbed with the dry hand, or a piece of 

How may oil and water be made to unite 1 What is the composi 
tion thus formed called 1 How does an acid destroy this compound * 
WTiat is the reason that hard water will not wash 1 What is a na 
Cural magnet 1 What is meant by magnetic attraction 7 What is ar 
art'iUcJal magnet ? What is a magnetic noodle'^ WbAl \& Iti use i 
What is meant by eleccricai aUin&ciion \ 
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cloth, and then held towards any light substance, such as 
hair, or thread, the light body will be attracted by it, and 
will adhere for a moment to the glass or wax?) The inCu- 
ence which thjus moves the light body is call^ Electric il 
Attraction. *When the light body has adhered to the sur- 
face of the glass for a moment, it is again thrown off, or 
repelled, and this is called Electrical Repulsion, See Elec- 
tricity. 

60. We have thus described and illustrated all the uni- 
versal or inherent properties of bodies, and have also no- 
ticed the several kinds of attraction which are peculiar, 
namely, Chemical, Magnetic, and Electrical. There are 
still several properties to be mentioned. Some of them 
belong to certain bodies in a peculiar degree, while other 
bodies possess them but slightly. Others belong exclusively 
to ccrtnin substances, and not at all to others. These 
prop< Ttios are as foUows. 

61. DENsiTy.— rThis property relates to the compactnoss 
of bodies, or the number of particles which a body contains 
within a given bulk. I) is closeness of texture. Bodies 
which are most dense, are those which contain the loast 
number of pores. Hence the density of the metals is much 
greater than the density of wood. Two bodies being of 
equal bulk, that which weighs most, is most deoso. Some 
of the metals may have this quality increased •t)y hammer- 
ing,.Jby which their pores are filled up and their particles 
are^ brought nearer to each other. The density of air is 
increased by forcing more into a close vessel than it natu 
rally contained. 

62. Rarity. — (This is the quality opposite to density, 
and means that the substance to which it is applied is po 
rous, and lighO Thus Air, water, and ether, are rare sub- 
stances, while^old, lead, and platina, are dense bodies. 

63. Hardness. — This property is not in proportion, as 
might be expected, to the density of the substance, but to the 
force with which the particles of a body cohere, or keep 
their places. Glass, for instance, will scratch gold or pla- 
tina, though these metals are much more dense than glass. 
It is probable, therefore, that these metals contain the 

What is electrical repulsion 7 What is density 1 What bodies are 
most dense 1 How may this quality be increased in the metals 1 What 
is rarity T What are rare bodies 1 What are dense bodk«1 Ha« 
does hardness differ from density 1 Why ViW ^^oaa iRinl^ 5B^^ ^st 
platina f : 
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greatest number of particles, but that those of the glass art 
more firmly fixed in their places. 

Some of the metals can be made hard or soil at pleasure. 
Thus«eel when heated, and then i^uddenly cooled, becomes 
hardw^ than ff lass, while if allowed to cool slowly, it is soft 
and flexible^ .. 

64. ELAfticiTYfis that property in bodies by which, 
after being forcibly compressed or bent, they regain their 
original state when the force is removed.^ 

Some substances are highly elastic, while others want 
this property entirely. The separation of two bodies after 
impact, or striking together, is a proof that one or both are 
elastic. In genera], most hard and dense bodies, possess 
this quality in greater or less degree. Ivory, glass, marble, 
flint, and ice, are elastic solids. An ivory ball, dropped 
upon a marble slab, will bound nearly to the height from 
which it fell, and no mark will be left on either. India 
rubber is exceedingly elastic, and on being thrown for- 
cibly against a hard body, will bound to an amazing 
distance. ^ 

:*Putty, dough, and wet clay^re examples of the entire 
want of elasticity, and if either of these be thrown against 
an impediment, they will be flattened, stick to the place 
they touch, and never, like elastic bodies, regain their for- 
mer shapes. 

Among fluids, water, oil, and in g^eneral all such sub- 
stances as are denominated liquids, are nearly inelastic, 
while air and the gaseous fluids, are the most elastic of all 
bodies. 

65. Brittleness is the property which renders sub- 
stances easily broken, or separated into irregular' fragments. 
This property belongs chiefly to hard bodies. 

It does not appear that brittleness is entirely opposed to 
elasticity, since in many substances, both these properties 
are united. Glass is the standard, or type of brittleness, and . 
}ret a ball, or fine threads of this substance, are highly elas- 
tic, as may be seen by the bounding of the one, and the 
springing of the other. ' Brittleness often results from the 

What metal can be made hard or soft at pleasure 1 What is meant 
by elasticity 1 How is it known that bodies possess this property 1 
Mention several elastic solids. Give examples of inelastic solids. Do 
liquids possess this property 1 What are the most elastic of all sub- 
stances 7 What is brittleness ? Are brittleness and elasticity evef 
foond in the same substance 1 Give examples. 
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treatment to which substances are submitted. Iron, steel, 
brass, and copper, become brittle ^hen heated and suddenly 
cooledy but if cooled slowlv, they are not easily broken. 

66. '^ALLB ABILITY. — ^pabilitv of being drawn under 
the hammer, or rolling press.) This property belongs to 
some of the metals, but not to all, and is of vast importance 
to the arts and conveniences of life. 

The Malleable metals are, gold, silver, iron, copper, and 
some others. Antimony, bismuth, and cobalt, are brittle 
metals. ; Brittleness is therefore the opposite of malleability. 
/Grol^is the most malleable of all substances. It may be 
dnrwn under the hammer so thin that light may be seen 
through it. Copper and silver are also exceedingly malle- 
nble. ' 

67. Ductility, iis that property in substances which ren- 
ders them susceptible of being drawn into wir^ 

We should expect that the most malleable metals would 
also be the most ductile ; but experiment proves that this is 
not the case. Thus, tin and lead may be drawn into thin 
•eaves, but cannot be drawn into small wire. Gold is the 
most malleable of all the metals, but platina is the most 
ductile. Dr. WoUaston drew platina into threads not much 
larger than a spider's web. 

68. Tenacity, in common language called toughness^ 
refers to the force of cohesion among the particles of bodies. 
Tenacious bodies are not easily pulled- apart. There is a 
remarkable difference in the tenacity of different substances. 
Some possess this property in a surprising degree, while 
others aire torn asunder by the smallest force. 

Among the malleable metals, iron and steel are the most 
tenacious, while lead. is the least so. Sjftel is by far the most 
tenacious of all known substances. (A wire of this metal, 
no larger than the hundredth part of an inch in diameter, 
sustained a weight of 134 pounds, while a wire of platina of 
the same size would sustain a weight of only 16 pounds, 
and one of lead only 2 pounds. Steel wire will sustain 
39,000 feet of its own length without breaking. 



How are iron, steel, and brass, made brittle 1 What does mallea- 
bility meani What metals are malleable, and what ones are brittle 7 
Wliich is the most maJHeable metal 1 Wiat is meant b^ ductility 1 
Are the most malleable metals the most' dr.ctile 1 What is meant by 
tenacity 1 From what does this property arise? What metals are 
most tenacious 7 What proportion does the tenacity of steel bear to 
that of platina and lead 1 
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greatest number of particles, i)ut that those of the glass art 
more firmly fixed in their places. 

Some of the metals can be made hard or soil at pleasure. 
Thus«eel when heated, and then i^uddenly cooled, becomes 
hardw^ than ff lass, while if allowed to cool slowly, it is soft 
and flexible"^^ 

64. ELAfticiTYus that property in bodies by which, 
after being forcibly compressed or bent, they regain their 
original state when the force is removed.^ 

Some substances are highly elastic, while others want 
this property entirely. The separation of two bodies after 
impact, or striking together, is a proof that one or both are 
elastic. In genera], most hard and dense bodies, possess 
this quality in greater or less degree. Ivory, glass, marble, 
fiint, and ice, are elastic solids. An ivory ball, dropped 
upon a marble slab, will bound nearly to the height from 
which it fell, and no mark will be left on either. India 
rubber is exceedingly elastic, and on being thrown for- 
cibly against a hard body, will bound to an amazing 
distance. ^ 

ft^utty, dough, and wet clay^re examples of the entire 
want. of elasticity, and if either of these be thrown against 
an impediment, they will be flattened, stick to the place 
they touch, and never, like elastic bodies, regain their for- 
mer shapes. 

Among fluids, water, oil, and in general all such sub- 
stances as are denominated liquids, are nearly inelastic, 
while air and the gaseous fluids, are the most elastic of all 
bodies. 

65. Brittleness is the property which renders sub- 
stances easily broken, or separated into irregular- fragments. , 
This property belongs chiefly to hard bodies. 

It does not appear that brittleness is entirely opposed to 
elasticity, since in many substances, both these properties 
are united. Glass is the standard, or type of brittleness, and . 
3ret a ball, or fine threads of this substance, are highly elas- 
tic, as may be seen by the bounding of the one, and the 
springing of the other. Brittleness often results from the 
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What metal can be made hard or soil at pleasure '\ What is meant 
by elasticity! How is it known that bodies possess this property 1 
Mention several elastic solids. Give examples of inelastic solids. Do 
liquids possess this property 1 What are the most elastic of all sub- 
■tancesi What is brittleness ? Are brittleness and elasticity evef 
found in the same substance 1 Give examples. 



PROPERTIES OF BODIES. 83 

treatment to which substances are submitted. Iron, steel, 
brass, and copper, become brittle ^hen heated and suddenly 
cooled^ but if cooled slov^, they are not easily broken. 

66. 'Malleability. — Capability of being drawn under 
Ihe hammer, or rolling press^^ This property belongs to 
some of the metals, but not to all, and is of vast importance 
to the arts and conveniences of life. 

The Malleable metals are, gold, silver, iron, copper, and 
some others. Antimony, bismuth, and cobalt, are brittle 
metals. , Brittleness is therefore the opposite of malleability, 
/(jrol^is the most malleable of all substances. It may be 
dnrwn under the hammer so thin that light may be seen 
through it. Copper and silver are also exceedingly malle- 
nble, 

67. DucTiLiTY.iis that property in substances which ren- 
ders them susceptible of being drawn into wir^. 

We should expect that the most malleable metals would 
also be the most ductile ; but experiment proves that this is 
not the case. Thus, tin and lead may be drawn into thin 
•eaves, but cemnot be drawn into small wire. Gold is the 
most malleable of all the metals, but platina is the most 
ductile. Dr. Wollaston drew platina into threads not much 
larger than a spider's web. 

68. Tenacity, in common language called toughness^ 
refers to the force of cohesion among the particles of bodies. 
Tenacious bodies are not easily pulled. apart. There is a 
remarkable difference in the tenacity'- of different substances. 
Some possess this property in a surprising degree, while 
others aire torn asunder by the smallest force. 

Among the malleable metals, iron and steel are the most 
tenacious, while lead. is the least so. Sifiel is by far the most 
tenacious of all known substances. (A wire of this metal, 
no larger than the hundredth part of an inch in diameter, 
sustained a weight of 134 pounds, while a wire of platina of 
the same size would sustain a weight of only 16 pounds, 
and one of lead only 2 pounds. Steel wire will sustain 
39,000 feet of its own length without breaking. 



How are iron, steel, and brass, made brittle 1 What does mallea- 
bility meani What metals are malleable, and what ones are brittle 1 
"WTiich is the most malleable metal 1 What is meant by ductility 1 
Are the most malleable metals the most dr.ctile 1 What is meant by 
tenacity t Prom what does this property arise 1 What metals are 
most tenacious 1 What proportion does the tenacity of steel bear to 
that of platina and lead 1 
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The velocity or rapidity of every falling body, is uiii- 
fbrmiy accelerated, or increased, in its approach towards 
the earth, from whatever height it falls. 

78. If a rock is rolled from a steep mountain, its motion 
is at first slow and gentle, but as it proceeds downward, It 
moves with perpetually increased velocity, seeming to gatn- 
er fresh speed every moment, until its force is such that 
every obstacle is overcome ; trees and rocks are beat front 
its path, and its motion does not cease until it has rolled to 
a great distance on the plain. 

Velocity of Falling Bodies. 

79. The same principle of increased velocity as bodies 
descend from a height, is curiously illustrated by pouring 
molasses or thick syrup^- from an elevation to the ground. 
The bulky stream, of perhaps two inches in diameter, where 
it leaves the vessel, as it descends, is reduced to the size of 
a straw, or knitting needle ; but what it wants in bulk is 
made up in velocity, for the small stream at the ground, 
will fill a vessel just as soon as the large one at the outlet. 

80. For the same reason, a man may leap from a chair 
without danger, but if he jumps from the house top, his 
velocity becomes so much increased, before he reaches the 
ground, as to endanger his life by the blow. 

It is found by experiment, that the motion of a falling 
body is increased, or accelerated, in regular mathematical 
proportions. 

81. These increased proportions do iRot depend on the 
increased weight of the body, because it approaches nearer 
the centre of the earth, but on the constant operation of the 
force of gravity, which perpetually gives new impulses to 
the falling body, and increases its velocity. 

82. It has been ascertained by experiment, that a body, 
felling freely, and without resistance, passes through a space 
of 16 feet and 1 inch during the first second of time. Leav- 
ing out the inch, which is not necessary for our present 
purpose, the ratio of descent is as follows. 

83. If the hei&^ht through which a body falls in one se- 
cond of time be known, the l^ight which it fells in any 



What is said concerning the motions of falling bodies 7 How ui 
this increased velocity ilhistratedl Why is there any more danger in 
jumping from the house top than fitai a chair 1 What aumbei if ftsi 
ooes a felling body pass tlur<xi£ph. 
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oroposed time may be computed. For since the height is 
proportional to the square of the time, the height through 
which it will fall in two seconds will be four times that 
which it falls through in one second. In three seconds it 
will fall through nine times that space ; in four seconds, 
sixteen times that of the first second ; in Jive seconds, twenty- 
five times, and so on in this proportion. 

84. The following, therefore, is a general rule to find 
the height through which a body will fell in any given 
time. 

85. Rule. — Reduce the given time to seconds ; take the 
square of the number of seconds in the time, and multiply 
the height through which the body falls in one second by 
that number, and the result will be the height sought. 

86. The following table exhibits the height and corres- 
ponding times as far as 10 seconds. 



Time 
Height 


1 

1 


2 
4 


3 
9 


4 
16 


5 
25 


6 
36 


7 
49 


8 
64 


9 

81 


10 

100 



87. Each unit in the upper row expresses a second of time, 
and each unit in those of the second row expresses the 
height through which a body falls freely in a second. 

88. Now, as the body falls at the rate of 16 feet during 
the first second, this number, according to the rule, multi- 
plied by the square of the time, that is, by the numbers ex- 
pressed in the second >line, will show the actual distance 
through which the body falls. 

89. Thus we have for the first second 16 feet; for the 
end of the second, 4X16=64 feet ; third, 9X16=144 ; fourth^ 
16X16=256; fifth, 25X16=400; sixth, 36X16=576; sev- 
enth, 49X16=784; and for the 10 seconds 1600 feet. 

90. If, on dropping a stone from a precipice, or into a 
well, we count the seconds from the instant of letting it fall 
until we hear it strike, we may readily estimate the height 
of the precipice, or the depth of the well. Thus, suppose i 
is 5 seconds in falling, then we only have to square the 
seconds, and multiply this by the distance the body falls in 
one second. We have then 5X5=25, the square, which 
25X16=246 feet, the depth of the well. 

91. Thus it appears, that to ascertain the velofiity with 

If a body fall from a certain height in two seconds, what proportion 

.to this will it fall in four seconds 1 What is the rule by which the 

Height from which a bodv falls mfy be4bund ? How many feet does 

% body fall in one second 1 How many feet will a body fall in nine 

ieoonas. 
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greatest number of particles, Ibut that those of the glass art 
more firmly fixed in their places. 

Some of the metals can be made hard or soft at pleasure. 
Thus»eel when heated, and then i^uddenly cooled, becomes 
harder than ff lass, while if allowed to cool slowly, it is soft 
and flexible'jf ., 

64. Elam-icityUs that property in bodies by which, 
after being forcibly compressed or bent, they regain their 
original state when the force is removed.^ 

Some substances are highly elastic, while others want 
this property entirely. The separation of two bodies after 
impact, or striking together, is a proof that one or both are 
elastic. In general, most hard and dense bodies, possess 
this quality in greater or less degree. Ivory, glass, marble, 
flint, and ice, are elastic solids. -An ivory ball, dropped 
upon a marble slab, will bound nearly to the height from 
which it fell, and no mark will be left on either. India 
rubber is exceedingly elastic, and on being thrown for- 
cibly against a hard body, will bound to an amazing 
distance. . 

A^utty, dough, and wet clayjkre examples of the entire 
want, of elasticity, and if either of these be thrown against 
an impediment, they will be flattened, stick to the place 
they touch, and never, like elastic bodies, regain their for- 
mer shapes. 

Among fluids, water, oil, and in general all such sub- 
stances as are denominated liquids, are nearly inelastic, 
while air and the gaseous fluids, are the most elastic of all 
bodies. 

65. Brittleness is the property which renders sub- 
stances easily broken, or separated into irregular' fragments. 
This property belongs chiefly to hard bodies. 

. It does not appear that brittleness is entirely opposed to 
elasticity, since in many substances, both these properties 
are united. Glass is the standard, or type of brittleness, and 
yet a ball, or fine threads of this substance, are highly elas- 
tic, as may be seen by the bounding of the one, and the 
springing of the other. Brittleness often results from the 

What metal can be made hard or soft at pleasure 1 What is meant 
by elasticity 1 How is it known that bodies possess this property 1 
Mention several elastic solids. Give examples of inelastic solids. Do 
liquids possess this property 1 What are the most elastic of all sub* 
■tancesl What is brittleness 'I Are brittleness and elasticity evof 
found in the same substance 1 Give examples. 
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treatment to which substances are submitted. Iron, steel, 
brass, and copper, become brittle ^hen heated and suddenly 
cooledjj^ but if cooled slowlv, they are not easily broken. 

66. 'Malleability. — ^pability of being drawn under 
the hammer, or rolling press. > This property belongs to 
some of the metals, but not to all, and is of vast importance 
to the arts and conveniences of life. 

The Malleable metals are, gold, silver, iron, copper, and 
some others. Antimony, bismuth, and cobalt, are brittle 
metals. Brittleness is therefore the opposite of malleability. 
/Grold^is the most malleable of all substances. It may be 
drawn under the hammer so thin that light may be seen 
through it. Copper and silver are also exceedingly malle- 
nble. 

67. Ductility, ,18 that property in substances which ren- 
ders them susceptible of being drawn into wir^ 

We should expect that the most malleable metals would 
also be the most ductile ; but experiment proves that this is 
not the case. Thus, tin and lead may be drawn into thin 
•eaves, but cannot be drawn into small wire. Gold is the 
most malleable of all the metals, but platina is the most 
ductile. Dr. Wollaston drew platina into threads not much 
larger than a spider's web. 

68. Tenacity, in common language called toughness^ 
refers to the force of cohesion among the particles of bodies. 
Tenacious bodies are not easily pulled. apart. There is a 
remarkable difference in the tenacitj'- of different substances. 
Some possess this property in a surprising degree, while 
others are torn asunder by the smallest force. 

Among the malleable metals, iron and steel are the most 
tenacious, while lead. is the least so. Sifiel is by far the most 
tenacious of all known substances. (A wire of this metal, 
no larger than the hundredth part of an inch in diameter, 
sustained a weight of 134 pounds, while a wire of platina of 
the same size would sustain a weight of only 16 pounds, 
and one of lead only 2 pounds. Steel wire will sustain 
39,000 feet of its own length without breaking. 



How are iroDj^teel, and brass, made brittle t What does mallea- 
bility meani What metals are malleable, and what ones are brittle 1 
IVluch is the most maJUeable metal t Wiiat is meant by ductility 1 
Are the most malleable metals the most dr.ctile t What is meant by 
tenacity t From what does this property arise 1 What metals are 
most tenacious 1 What proportion does the tenacity of steel bear to 
that of platina and lead 1 
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greatest number of particles, Ibut that those of the glass art 
more firmly fixed in their places. 

Some of the metals can be made hard or soft at pleasure. 
Thus»eel when heated, and then i^uddenly cooled, becomes 
harder than^fflass, while if allowed to cool slowly, it is soft 
and flexibletj ., 

64. Elam-icityGs that property in bodies by which, 
after being forcibly compressed or bent, they regain their 
original state when the force is removed.^ 

Some substances are highly elastic, while others want 
this property entirely. The separation of two bodies after 
impact, or striking together, is a proof that one or both are 
elastic. In general, most hard and dense bodies, possess 
this quality in greater or less degree. Ivory, glass, marble, 
flint, and ice, are elastic solids. An ivory ball, dropped 
upon a marble slab, will bound nearly to the height from 
which it fell, and no mark will be left on either. India 
rubber is exceedingly elastic, and on being thrown for- 
cibly against a hard body, will bound to an amazing 
distance. . 

ft^utty, dough, and wet clayjkre examples of the entire 
want of elasticity, and if either of these be thrown against 
an impediment, they will be flattened, stick to the place 
they touch, and never, like elastic bodies, regain their for- 
mer shapes. 

Among fluids, water, oil, and in general all such sub- 
stances as are denominated liquids, are nearly inelastic, 
while air and the gaseous fluids, are the most elastic of all 
bodies. 

65. Brittlbness is the property which renders sub- 
stances easily broken, or separated into irregular' fragments. 
This property belongs chiefly to hard bodies. 

It does not appear that brittleness is entirely opposed to 
elasticity, since in many substances, both these properties 
are united. Glass is the standard, or type of brittleness, and 
yet a ball, or fine threads of this substance, are highly elas- 
tic, as may be seen by the bounding of the one, and the 
springing of the other. Brittleness often results from the 

What metal can be mkde hard or soil at pleasure t What is meant 
by elasticity 1 How is it known that bodies possess this property 1 
Mention several elastic solids. Give examples of inelastic solids. Do 
liquids possess this property 1 What are the most elastic of all sub* 
■tancesl What is brittleness 'I Are brittleness and elasticity ever 
found in the same substance 1 Give examples. 
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treatment to which substances are submitted. Iron, steel, 
brass, and copper, become brittle (^hen heated and suddenly 
cooledj^ but itcooled slowbr, they are not easily broken. 

66. 'Malleability. — Capability of being drawn under 
the hammer, or rolling press. > This property belongs to 
some of the metals, but not to all, and is of irast importance 
to the arts and conveniences of life. 

The Malleable metals are, gold, silver, iron, copper, and 
some others. Antimony, bismuth, and cobalt, are brittle 
metals. Brittleness is therefore the opposite of malleability. 
/Grol(^is the most malleable of all substances. It may be 
dntwn"^nder the hammer so thin that light may be seen 
through it. Copper and silver are also exceedingly malle- 
nble. 

67. Ductility, is that property in substances which ren- 
ders them susceptible of being drawn into wir^. 

We should expect that the most malleable metals would 
also be the most ductile ; but experiment proves that this is 
not the case. Thus, tin and lead may be drawn into thin 
•eaves, but cannot be drawn into small wire. Gold is the 
most malleable of all the metals, but platina is the most 
ductile. Dr. Wollaston drew platina into threads not much 
larger than a spider's web. 

68. Tenacity, in common language called toughness^ 
refers to the force of cohesion among the particles of bodies. 
Tenacious bodies are not easily pulled. apart. There is a 
remarkable difference in the tenacitj'^ of different substances. 
Some possess this property in a surprising degree, while 
others are torn asunder by the smallest force. 

Among the malleable metals, iron and steel are the most 
tenacious, while lead, is the least so. S^el is by far the most 
tenacious of all known substances. (A wire of this metal, 
no larger than the hundredth part of an inch in diameter, 
sustained a weight of 134 pounds, while a wire of platina of 
the same size would sustain a weight of only 16 pounds, 
and one of lead only 2 pounds. Steel wire will sustain 
39,000 feet of its own length without breaking. 



How are ir on, s teel, and brass, made brittle t What does mallea- 
bility meani What metals are malleable, and what ones are brittle 1 
Which is the most malleable metal t Wiiat is meant b^ ductility 1 
Are the most malleable metals the most dr.ctile 1 What is meant by 
tenacity t From what does this property arise 1 What metals are 
most tenacious 1 What proportion does the tenacity of steel bear to 
that of platina and lead 1 
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greatest number of particles, )mt that those of the glass are 
more firmly fixed in their places. 

Som£ of the metals can be made hard or soft at pleasure. 
Thus»eel when heated, and then suddenly cooled, becomes 
harder than fflass, while if allowed to cool slowly, it is soft 
and flexibletj ^.,. 

64. Ela^icityUs that property in bodies by which, 
after being forcibly compressed or bent, they regain their 
original state when the force is removed.j) 

Some substances are highly elastic, while others want 
this property entirely. The separation of two bodies after 
impact, or striking together, is a proof that one or both are 
elastic. In genera], most hard and dense bodies, possess 
this quality in greater or less degree. Ivory, glass, marble, 
flint, and ice, are elastic solids. An ivory ball, dropped 
upon a marble slab, will bound nearly to the height from 
which it fell, and no mark will be left on either. India 
rubber is exceedingly elastic, and on being thrown for- 
cibly against a hard body, will bound to an amazing 
distance. . 

ft^utty, dough, and wet clayjkre examples of the entire 
want, of elasticity, and if either of these be thrown against 
an impediment, they will be flattened, stick to the place 
they touch, and never, like elastic bodies, regain their for- 
mer shapes. 

Among fluids, water, oil, and in gfeneral all such sub- 
stances as are denominated liquids, are nearly inelastic, 
while air and the gaseous fluids, are the most elastic of all 
bodies. '^ 

65. Brittlbness is the property which renders sub-, 
stances easily broken, or separated into irregulai^fragments. . 
This property belongs chiefly to hard bodies. 

It does not appear that brittleness is entirely opposed to 
elasticity, since in many substances, both these propertiep 
are united. Glass is the standard, or type of brittleness, and.. 
yet a ball, or fine threads of this substance, are highly elas- 
tic, as may be seen by the bounding of the one, and the 
springing of the other. Brittleness often results from the 

What metal can be made hard or soft at pleasure 1 What is meant 
by elasticity 1 How is it known that bodies possess this property 1 
Mention several elastic solids. Give examples of inelastic solids. Do 
liquids possess this property 1 What are the most elastic of all sub- 
stances 'i What is brittleness 1 Are brittleness and elasticity evm 
/bund in the same substance 1 Give exampVea. 
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treatment to which substances are submitted. Iron, steel, 
brass, and copper, become brittle ^hen heated and suddenly 
cooled J but ifcooled slowlv, they are not easily broken. 

66. 'l^ALLEABiLiTT. — ^pabilitv of being drawn under 
the hammer, or rolling press.) This property belongs to 
some of the metals, but not to all, and is of vast importance 
to the arts and conveniences of life. 

The Malleable metals are, gold, silver, iron, copper, and 
some others. Antimony, bismuth, and cobalt, are brittle 
metals. Brittleness is therefore the opposite of malleability. 

/Gol^is the most malleable of all substances. It may be 
dmwn under the hammer so thin that light may be seen 
through it. Copper and silver are also exceedingly malle- 
able. 

67. Ductility, -is that property in substances which ren- 
ders them susceptible of being drawn into wir^ 

We should expect that the most malleable metals would 
also be the most ductile ; but experiment proves that this is 
not the case. Thus, tin and lead may be drawn into thin 
•eaves, but cannot be drawn into small wire. Gold is the 
most malleable of all the metals, but platina is the most 
ductile. Dr. Wollaston drew platina into threads not much 
larger than a spider's web. 

68. Tenacity, in common language called toughness, 
refers to the force of cohesion among the particles of bodies. 
Tenacious bodies are not easily pulled.apart. There is a 
remarkable difference in the tenacity^ of different substances. 
Some possess this property in a surprising degree, while 
others are torn asunder by the smallest force. 

Among the malleable metals, iron and steel are the most 
tenacious, while lead.is the least so. Steel is by far the most 
tenacious of all known substances. (A wire of this metal, 
no larger than the hundredth , part of an inch in diameter, 
sustained a weight of 134 pounds, while a wire of platina of 
the same size would sustain a weight of only 16 pounds, 
and one of lead only 2 pounds. Steel wire will sustain 
39,000 feet of its own length without breaking. 



How are iron, steel, and brass, made brittle 1 What does mallea- 
bility meani What metals are malleable, and what ones are brittle 1 
IVluch is the most malleable metal 1 Wiat is meant b^ ductility 1 
Are the most malleable metals the most* dr.ctile 1 What is meant by 
tenacity*? From what does this property arise 1 What metals are 
most tenacious t What proportion does the tenacity of ateftl biMX tn 
that of platina and lead ? 
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69. Recapitulation. — The common, or essential pro- 
perties of bodies, are, Impenetrability, Extension, Figure, 
Divisibility, Inertia, and Attraction^ Attraction is of several 
kmds, namely, Attraction of cohesion, Attraction of gravita- 
tion. Capillary attraction. Chemical attraction. Magnetic at- 
traction, and Electrical attraction. ^ 

70. The peculiar properties of bodies are,NPensity, Rari- 
ty, Hardness, Elasticity, Brittleness, Malleability, Ductility, 
and Tenacity. 

Force of Gravity. 

71. The force by which bodies are drawn towards each 
other in the mass, and by which they descend towards the 
earth when suspended or let fall from a height, is called the 
force of gravity. (43.) 

72. The attraction which the earth exerts on all bodies 
near its surface, is called terrestrial gravity, and the force 
with which any substance is drawn downwards, is called its 
weight. 

73. All falling bodies tend downwards towards the centre 
of the earth, in a straight lino from the point where they arc 
let fall. If then a body be let fall in any part of the world, 
the line of its direction will be perpendicular to the earth's 
surface. It follows, therefore, that two falling bt)dies, on 
opposite parts of the earth, mutually fall towards each other. 

74. Suppose a cannon ball to be disengaged from a height 
opposite to us, on the other side of the earth, its motion in 
respect to us, would be upward, while the downward^aiotion 
from where we stand, would be upward in respect to those 
who stand opposite to us, on the other side of the earth. 

75. In like manner, if the falling body be a quarter, in- 
stead of half the distance round the earth from us, its line 
of direction would be directly across, or at right angles with 
the line already supposed. 

What are the essential properties of bodies? How many kinds of 
attraction are there 1 W hat are the peculiar properties of bodies 1 
What is ppravity 1 What is terrestrial gravity 1 To what point in the 
earth do falling bodies tcndl In what direction will two falling bo« 
dies from opposite parts of the earth tend, in respect to each other T la 
whiit direction will one firom half way between them meet theii 
'inel 
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76. This will be readily 
understood by fig. 4, where 
the circle is supposed to be 
the circumference of the 
earth, a, the ball falling to- 
wards its upper sur&ce, 
where we stand ; b, a ball 
falling towards the oppo- 
site side of the earth, but 
ascending in respect to us j 
and d, a ball descending at 
the distance of a quarter of 
the circle, from the other 
two, and crossing the line 
of their direction at right 
angles. _ 

77. It will be obvious, 

therefore, that what we call up and down are merely relative 
terms, and that what is down in respect to us, is up in re- 
spect to those who live on the opposite side of the earth, and 
so the contrary. Consequently, down every where means to- 
wards the centre of the earth, and up from the centre of the 
earth ] because all bodies descend towards the earth's centre, 
from whatever part they are let fall This will be apparent 
when we consider, that as the earth turns orer every 24 
hours, we are carried with it through the points a, J, and A, 
fig. 4 ; and therefore, if a ball is supposed to fall from the 
point a^say at 12 o'clock, and the same ball to fall again 
from the same point above the earth, at 6 o'clock, the two 
lines of direction will be at right angles, as represented in 
the figure, for that part of the earth which w^as under a at 
12 o'clock, will be under d at 6 o'clock, the earth having 
in that time performed one quarter of its daily re'iolution. 
At 12 o'clock at night, if the oall be supposed to fall again, 
its line of direction will be at right angles with that of its 
last descent, and consequently it will ascend in respect to 
the point on which it fell 12 hours before, because the earth 
would have then gone through one half her daily rotation, 
and the point a would be at b, 

^ How 18 this shown by the fi^re 1 Are the terms up and doiim rela* 
tive, or positive, in their meaning 1 What is understood by d&um in 
any part of tiie earth 1 Suppose a ball be let fall at 12 and then at 6 
o'cioek, in what direction would the lines of their descent meet each 
other 1 Suppose two balls to descend from opposite sides of the earth, 
what woukt be their directien in respect to each other 1 

8 
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The velocity or rapidity of every &lling body, is uni- 
formly accelerated, or increased, in its approach towards 
the earth, from whatever height it falls. 

78. If a rock is rolled from a steep mountain, its motioa 
is at first slow and gentle, but as it proceeds downward, it 
moves with perpetually increased velocity, seeming to gatn- 
er fresh speed every moment, until its force is such that 
every obstacle is overcome ; trees and rocks are beat fron« 
its path, and its motion does not cease until it has rolled to 
a great distance on the plain. 

Velocity of Falling Bodies. 

79. The same principle of increased velocity as bodies 
descend from a height, is curiously illustrated by pouring 
molasses or thick syrup- from an elevation to the ground. 
The bulky stream, of perhaps two inches in diameter, where 
it leaves the vessel, as it descends, is reduced to the size of 
a straw, or knitting needle ; but what it wants in bulk is 
made up in velocity, for the small stream at the ground, 
will fill a vessel just as soon as the large one at the outlet. 

80. For the same reason, a man may leap from a chair 
without danger, but if he jumps from the house top, his 
velocity becomes so much increased, before he reaches the 
ground, as to endanger his life by the blow. 

It is found by experiment, that the motion of a falling 
body is increased, or accelerated, in regular mathematical 
proportions. 

81. These increased proportions do fiot depend on the 
increased weight of the body, because it approaches nearer 
the centre of the earth, but on the constant operation of the 
force of gravity, which perpetually gives new impulses to 
the falling body, and increases its velocity. 

82. It has been ascertained by experiment, that a body, 
falling freely, and without resistance, passes through a space 
of 16 feet and 1 inch during the first second of time. Leav- 
ing out the inch, which is not necessary for our present 
purpose, the ratio of descent is as follows. 

83. If the height through which a body falls in one se- 
cond of time be known, the keight which it falls in any 

What is said concerning the motions of falling bodies 1 How is 
this increased velocity iUustratedl Why is there any more danger in 
jumping from the house top than fttsa a chair 1 What aumbei ~' ^'^ 
doe* a falling body pau Uiroo^ 
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OToposed time may be computed. For since the height is 
proportional to the square of the time, the height through 
which it will fall in two seconds will be four times that 
which it falls through in one second. In three seconds it 
will fall through nine times that space ; in four seconds, 
5i2;^e67i times that of the first second; in ^t?^ seconds, twenty- 
five times, and so on in this proportion. 

84. The following, therefore, is a general rule to find 
the height through which a body will fall in any given 
time. 

85. Rule. — Reduce the given time to seconds ; take the 
square of the number of seconds in the time, and multiply 
the height through which the body falls in one second by 
that number, and the result will be the height sought 

86. The following table exhibits the height and corres- 
ponding times as far as 10 seconds. 



Tiino 
Height 


1 

1 


2 
4 


3 
9 


4 
16 


5 
25 


6 
36 


7 8 
49 64 


9 

81 


10 

100 



87. Each unit in the upper row expresses a second of time, 
and each unit in those of the second row expresses the 
height through which a body falls freely in a second. 

88. Now, as the body falls at the rate of 16 feet during 
the first second, this number, according to the rule, multi- 
plied by the square of the time, that is, by the numbers ex- 
pressed in the second >line, will show the actual distance 
through which the body falls. 

89. Thus we have for the first second 16 feet; for tho 
end of the second, 4X16=64 feet; third, 9X16=144; fourth, 
16X16=256; fijfth, 25X16=400; sixth, 36X16=676; sev- 
enth, 49X16=784 ; and for the 10 seconds 1600 feet 

90. If, on dropping a stone from a precipice, or into a 
well, we count the seconds from the mstant of letting it fall 
until we hear it strike, we may readily estimate the height 
of the precipice, or the depth of the well. Thus, suppose i 
is 5 seconds in falling, then we only have to square the 
seconds, and multiply this by the distance the body &lls in 
one second. We have then 5X5=25, the square, which 
25X16=246 feet, the depth of the well. 

91. Thus it appears, that to ascertain the velofiity with 

If a body fall from a certain height in two seconds, what proportion 

,to this will it fall in four seconds 1 What is the rule by which the 

neight from which a bodv falls miCy ba^bund 7 How many feet does 

% body fall in one second'} How many feet wiU a body rail in ttiM 

feoonds. 
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wnich a body falls, in any given time, we must know how 
many feet it fell during the first second. The Telocity ac- 
quired in one second, and the space fallen through during 
that time, being the fundamental elements of the whole cal- 
culation, and all that are necessary for the computation of 
the various circumstances of falling bodies. 

92. The difficulty of calculating exactly the velocity of 
a falling body from an actual measurement of its height, 
and the time which it takes to reach the ground, is so great, 
that no accurate computation could be made from such an 
experiment. 

93. AtwoodJs Machine. — This difficulty has, however, 
been overcome by a curious piece of machinery, invented 
for this purpose by Mr. Atwood. 

94. This machine consists 
of two upright posts of wood, 
fig. 5, with cross pieces, as 
shown in the figure. The 
weights A and B, are of the 
same size, and made to balance 
each other very exactly, and 
are connected by the thread 
which passes over the wheel 
C. jP is a ring through which 
the weight A passes, and G\n M 
a stage on which the weight 
rests in its descent. The ring 
and stage both slide up and 
down, and are fixed at pleasure 
by thumb screws. The post 
H, is a graduated scale, and 
the pendulum JT, is kept in 
motion by clock-work. L, is a 
small bar of metal, weighing a 
quarter of an ounce, and long- 
er than the diameter of the 
ring F. 

95. When the machine is to 
DO used, the weight A is drawn 
np.to the top of the scale, and 
Ihe ring and stage are placed 
a certain number of inches 



a 



3 



\ 



la the velocity of a falUngJ^dy eaiculaled Ctom aci\xa\. meAsvuKment^ 
bjr a machine ? Describe Um operaxioti oC "NLt. Mvioo^^mw^Mn* 
eatimaUng the velocitMtof faIUnf;\K>d\es. 
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from each other. The small har !•, is then placed tcross 
the weight A, by means of which it is made slowly to de- 
scend. When it has descended to the ring, the small weight 
L, is taken off by the ring, and thus the two weights are left 
equal to each other. Now it must be observed, that the 
motion, and descent of the weight A, is entirely owing to 
the gravitating force of the weight L, until it arrives at the 
ring F, when the action of gravity is suspended, and the 
large weight continues to move downwards to the stage, in 
consequence of the velocity it had acquired previously to 
that time. 

96. To comprehend the accuracy of this machine, it must 
be understood that the velocities of gravitating bodies are 
supposed to be equal, whether they are large or small, this 
being the case when no calculation is made for the resistance 
of the air. Consequently, the weight of a quarter of an 
ounce placed on the large weight A^ is a representative of 
all other solid descending bodies. The slowness of its de- 
scent, when compared with freely gravitating bodies, is only 
a convenience by which its motion can be accurately mea- 
sured, for it is the increase of velocity which the machine 
is designed to ascertain, and not the actual velocity of falling 
bodies. 

97. Now it will be readily comprehended, that in this 
respect, it makes no difference how slowly a body falls, pro- 
vided it follows the . same laws as other descending bodies^ 
and it has already been stated, that all estimates on this sub- 
ject are made from the known distance a body descends 
during the first second of time. 

98. It follows, therefore, that if it can be ascertained, ex- 
actly, how much faster a body falls during the third, fourth, 
or fifth secpnd, than it did during the first second, by know- 
ing how far it fell during the first second, we should be able 
•o estimate the distance it would fall during all succeeding 
seconds. 

99. If, then, by means of a pendulum beating seconds, 
the weight A should be found to descend a certain number 
of inches during the first second, and another certain number 
during the next second, and so on, the ratio of increased 
descent would be precisely ascertained, and could be easily 

After the small weight is taken off by the ring, why does the larga 
weight continue to descend 1 Does this macbm^ %\vitHi >}cl^ «jc^^^ h^ 
locjty of a falUng body, or only its incxeaae'^ 

3* 
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ai^lied to the fitlling of other hodies; and this is the use to 
which this instrument is applied. 

100. By this machine, it can also be ascertained how 
much the actual velocity of a falling body depends on the 
force of gravity, and how much on acquired velocity, for 
the force of gravity gives motion to the descending weight 
only until it arrives at the ring, after which the motion is 
continued by the velocity it had before acquired. 

101. From experiments accurately made with this ma- 
chine, it has been fully established, that if the time of a 
falling body be divided into equal parts, say into seconds, 
the spaces through which it falls in each second, taken se- 
parately, will be as the odd numbers, 1 , 3, 5, 7, 9, and so 
on, as already stated. To make this plain, suppose the 
times occupied by the falling body to be 1, 2, 3, and 4 se- 
conds ; then the spaces fallen through will be as the squares 
of these seconds, or times, viz. 1, 4, 9, and 16, the square of 
1 being 1, the square of 2 being 4, the square of 3, 9, and 
so on. The distance fallen through, therefore, during the 
second second, may be found, by taking 1, the distance cor 
responding to one second, from 4, the distance corresponding 
to 2 seconds, and is therefore 3. For the third second, take 
4 from 9, and therefore the distance will be 5. For the 
fourth second, take 9 from 16, and the distance will be 7, 
and so on. During the first second, then, the body falls a 
certain distance ; during the next second, it falls three times 
that distance ; during the third, five times the distance ; dur- 
ing the fourth, seven times that distance, and so continually 
in that proportion. 

102. It will be readily conceived, that solid bodies fell- 
ing from great heights, must ultimately acquire an amaanng 
velocity by this proportion of increase. An ounce ball of 
lead, let fall from a certain height towards the earth, would 
thus acquire a force ten or twenty times as great as when 
shot out of a rifle. By actual calculation, it has been found 
that were the moon to lose her projectile force, which coun- 

How does Mr. Atwood's machine show how much the celerity of a 
body depends upon gravity, and how much on acquired velocity 9 
Suppose the times of a falling body are as the numbers 1, 2, 3, 4, what 
will be the numbers representing the spaces through which it falls 1 
Suppose a body falls 16 feet the first second, how far will it fall the 
third second 1 Would it be possible for a rifle ball to acquire a greater 
force by falling, than if shot from a rifle 1 How long would it ta^e 
the moon to come to the earth according; to the law of increased 
velocity 1 
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icrbolances the earth's attraction, she would &1I to the etrdi 
in four days and twenty hours, a distance of 240,000 mikiL 
And were the earth's projectile force destrojei^ it would 
ftill to the sun in sixty-four days and ten hours, a distance 
af 95,000,000 of miles. 

103. Every one knows by his own experience the difier- 
3nt effects of the same body falling from a neat or a small 
aeight. A boy will toss up his leaden bullet and catch it 
with his hand, but He soon learns, by its painful efiects, not 
»o throw it too high. The effects of hail-stones on window 
glass, animals, and vegetation, are often surprising, and 
sometimes calamitous illustrations of the velocity of fidling 
bodies. 

104. It has been already stated, that tbe velocities of solid 
bodies falling from a given height, towards the earth, are 
equal, or in other words, that an ounce ball of lead will de- 
scend in the same time as a pound ball of lead. 

105. This is true in theory, but there is a slight difier- 
fnce in this respect in favour of the velocity of the larger 
body, owing to the resistance of the atmosphere. We, how- 
ever, shall at present consider all solids of whatever sixe^ 
as descending through the same spaces in the same times, 
this being exactly true when they pass without resistSDCe. 

106. To comprehend the reason of this, we have only to 
consider, that the attraction of gravitation in acting on a 
mass of matter acts on every particle it contains; and thus 
every particle is drawn down equally and with the same 
force. The effect of gravity, therefore, is in exact propor- 
tion to the quantity of matter the mass contains, and not in 
proportion to its bulk. A ball of lead of a foot in diameter, 
and one of wood of the same diameter, are obviously of the 
same bulk; but the lead will contain twelve particles of 
matter where the wood contains one, and consequently will 
be attracted with twelve times the force, and therefore will 
weigh twelve times as much. 

107. Attraction proportionable to the quantity of mat- 
ter. — If, then, bodies attract each other in proportion to the 
quantities of matter they contain, it follows that if a mass 
• — . — „ ^ ^ >, , , ^ 

How long would it take the earth to fall to the suqtS' WlujUfomi- 
liar illustrations are given of the force acquired W?JBbv< ¥do^y of 
falling bodies'! Will a small and large body tkU tlirc^i^.tlw same 
space in the sanie timel On what pcuts of a mass v-^f maufar does ^ 
force of gravity acti Is the eflfect of gravity in propc^ioo-^lMilk, «•<. 
quantity of matter 1 
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The velocity or rapidity of every foiling body, ia uni- 
formly accelerated, or increased, in its approach towaidt 
the earth, from whatever height it falls. 

78. If a rock is rolled from a steep mountain, its motioa 
is at first slow and gentle, but as it proceeds downward, It 
moves with perpetually increased velocity, seeming to gatn- 
er fresh speed every moment, until its force is such that 
every obstacle is overcome ; trees and rocks are beat fron« 
its path, and its motion does not cease until it has rolled to 
a great distance on the plain. 

Velocity of Falling Bodies. 

79. The same principle of increased velocity as bodies 
descend from a height, is curiously illustrated by pouring 
molasses or thick syrup- from an elevation to the ground. 
The bulky stream, of perhaps two inches in diameter, where 
it leaves the vessel, as it descends, is reduced to the size of 
a straw, or knitting needle ; but what it wants in bulk is 
made up in velocity, for the small stream at the ground, 
will fill a vessel just as soon as the large one at the outlet 

80. For the same reason, a man may leap from a chair 
without danger, but if he jumps from the house top, his 
velocity becomes so much increased, before he reaches the 
ground, as to endanger his life by the blow. 

It is found by experiment, that the motion of a falling 
body is increased, or accelerated, in regular mathematical 
proportions. 

81. These increased proportions do idot depend on the 
increased weight of the body, because it approaches nearer 
the centre of the earth, but on the constant operation of the 
force of gravity, which perpetually gives new impulses to 
the falling body, and increases its velocity. 

82. It has been ascertained by experiment, that a body, 
falling freely, and without resistance, passes through a space 
of 16 feet and 1 inch during the first second of time. Leav- 
ing out the inch, which is not necessary for our present 
purpose, the ratio of descent is as follows. 

83. If the height through which a body falls in one se- 
cond of time be known, the keight which it &lls in any 

What is said concerning the motions of falling bodies 1 How u 
this increased velocity illustrated 1 Why is there any more danger ia 
jumping from the house top than filmi a chair 1 What aumbei ^ ^^ 
aoes a falling body pau Uiroo^ 
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OToposed time may be computed. For since the height is 
proportional to the square of the time, the height through 
which it will fall in two seconds will be four times that 
which it falls through in one second. In three seconds it 
will fall through nine times that space ; in four seconds, 
5ia;^e67i times that of the first second; in ^t?^ seconds, twenty- 
five times, and so on in this proportion. 

84. The following, therefore, is a general rule to find 
the height through which a body will fall in any given 
time. 

85. Rule. — Reduce the given time to seconds ; take the 
square of the number of seconds in the time, and multiply 
the height through which the body falls in one second by 
that number, and the result will be the height sought 

86. The following table exhibits the height and corres- 
ponding times as far as 10 seconds. 



Time 
Height 


1 

1 


2 
4 


3 
9 


4 
16 


5 
25 


6 
36 


7 8 
49 64 


9 

81 


10 

100 



87. Each unit in the upper row expresses a second of time, 
and each unit in those of the second row expresses the 
height through which a body falls freely in a second. 

88. Now, as the body falls at the rate of 16 feet during 
the first second, this number, according to the rule, multi- 
plied by the square of the time, that is, by the numbers ex- 
pressed in the second iline, will show the actual distance 
through which the body falls. 

89. Thus we have for the first second 16 feet; for tho 
end of the second, 4X16=64 feet; third, 9X16=144; fourth, 
16X16=256; fijfth, 25X16=400; sixth, 36X16=676; sev- 
enth, 49X16=784 ; and for the 10 seconds 1600 feet. 

90. If, on dropping a stone from a precipice, or into a 
well, we count the seconds from the instant of letting it fall 
until we hear it strike, we may readily estimate the height 
of the precipice, or the depth of the well. Thus, suppose i 
is 5 seconds in falling, then we only have to square the 
seconds, and multiply this by the distance the body &lls in 
one second. We have then 5X5=25, the square, which 
25X16=246 feet, the depth of the well. 

91. Thus it appears, that to ascertain the veloeity with 

If a body fall from a certain height in two seconds, what proportion 

.to this will it fall in four seconds 1 What is the rule by which the 

neight from which a bodv falls miy ba^bund 7 How many feet does 

% body fall in one second % How many feet wiU a body rail in niiM 

feoonds. 
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quentlv this number must be divided into 512 millions ol 
millions of parts, which would give the eighty thousand 
millionth part of an inch thiough which the earth wouid 
move to meet a body the tenth part of a mile in diameicr. 

Ascent of Bodies. 

1 18. Having now explained and illustrated the influence 
of gravity on bodies moving dowriward and horizontally, it 
remains to show how matter is influenced by the same 
power when bodies are moved upward, or contrary to the 
forcn of gravity. 

What has been stated in respect to the velocity of ^ 
falling bodies is exactly reversed in respect to those n\ 
which are thrown upwards, for as the motion of a 
falling body is increased by the action of gravity, so ^ 
is it retarded by the same force when thrown up- 
wards. 

A bullet shot upwards, every instant loses a part 
of its velocity, until having arrived at the highest 
point from whence it was thrown, it then returns . 
again to the earth. 

The same law that governs a descending body, 
governs an ascending one, only that their motions j 
are reversed. * 

The same ratio is observed to whatever distance 
the ball is propelled, or as the height to which it is 
thrown may be estimated from the space it passes 
through during the first second, so its returning ve- 
locity is in a like ratio to the height to which it was 
sent. 

This will be understood by fig. 6. Suppose a 
ball to be propelled from the point a, with a force 
which would carry it to the point b in the first se- 
cond, to c in the next, and to d in the third second. 
It would then remain nearly stationary for an in- 
stant, and in returning, would pass through exactly 
the same spaces in the same times, only that its di- 
rection would be reversed. Thus it will fall from 
d to c, in the first second, to b in the next, and to a 
in the third. 

Now the force of a moving body is as its velocity a 

What effect doce the force of ^rnvity have on bodies moving up 
waidl Are upward and downward motion governed by the aanv 
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and its quantity of matter, and hence the same ball will Ml 
with exactly the same force that it rises. For instance, a 
ball shot out of a rifle, with a force sufficient to overcome a 
certain impediment, on returning, would again overcome 
the same impediment. 

Fall of Light Bodies. 

119. It has been stated (hat the earth's attraction acts 
equally on all bodies, contaib'ing equal quantities of matter, 
and that in vacuo, all bodies, whether large or small, de- 
scend from the same heights in the same time. 

120. There is, however, a c^reat di^erence in the qaanti 
ties of matter which bodies of the same bulk contain, and 
consequently a difference, in the resistance which they meet 
with in passing through the air. 

121. Now, the fiill of a body containing a large quantity 
of matter in a small bulk, meets with little comparative re* 
sistance, while the fall of another, containing the same 
quantity of matter, but of larger size, meets with more in 
comparison, for it is easy to see that two bodies of the samo 
size meet with exactly the same actual resistance. Thus, if 
wc let fall a ball of lead, and another of cork, of two inches 
in diameter each, the lead will reach the ground before tho 
cork, })ecause, though meeting with the same resistance 
the leaid has the greatest po\^r of overcoming it. 

122. This, however, does not affect the truth of the ge- 
neral law already cstabliiSfied, that the weights of bodies 
are as the quantities of matter they contain. It only shows 
that the pressure of the atmospnere prevents bulky and 
porous substances from falling with the same velocity as 
those which are compact or dense. 

123. Were the atmosphere removed, all bodies, whether 
light or heavy, large or small, would descend with the same 
velocity. This fact has been ascertained by experiment in 

he following manner : 

124. The air pump is an instrument, by means of which 
the air can be pump^ out of a close vessel, as will be seen 
under the article Pneumatics. Taking this for granted at 
present, the experiment is made in the following manner : 

What is the difference between the upwd and returning velocity 
of the same body 1 Why wQl not a sack of v^a'^ers and a stone of tKo 
same size fall through the air in the same time ^ ^V this affect the truth 
of the general law, that the weights of bodies w^ <^^ their quantities of 
matter! What would be the effect on the foil oC \^Ht and heavy bo- 
dies, were the atmosphere removed 1 
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125. On the plate of the air pump A, 
place the tall jar B^ which is open at the 
DOttom, and has a brass cover fitted closely 
to the top. Through the cover let a wire 
pass, air tight, having a small cross at the 
lower end. On each side of this cross, 
place a little stage, and so contrive them 
|that by turning the wire by the handle C, 
'these stages shall be upset. On one of the 
stages place a guinea or any other heavy 
body, and oh the other place a feather. 
When this is arranged, let the air be ex- 
hausted from the jar by the pump, and then 
turn the handle C, so that the guinea and 
feather may fail from their places, and it 
will be found that they will both strike the 
plate at the same instant. Thus is it de- 
monstrated, that were it not for the resist- 
ance of the atmosphere, a bag of feathers 
and one of guineas would fall from a given 
height with the same velocity and in the 
same time. 

Motion. 
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126. Motion maybe defined, a continued change of place 
with regard to a fixed point. 

127. Without motion there would be no rising or setting 
ot the sun — no change of seasons — no fall of fain — no build- 
ing of houses, and finally no animal life. Nothing can be 
done without motion, and therefore without it, the whole 
universe would be at rest and dead. 

128. In the language of philosophy, the power which 
puts a body in motion, is called force. Thus it is the force 
of gravity that overcomes the inertia of bodies, and draws 
them towards the earth. The force of water and steam gives 
motion to machinery, &c. 

129. For the sake of convenience, and accuracy in the 
application of terms, motion is divided into two kinas, viz. : 
absolute and relative. 



How is it proved that a feather and a guinea will fall through equal 
spaces in the same time, where there is no resistance! How will you 
define motion ! What would be the consequence, were all motion to 
cease 1 What is that power called which puts a body in motion 1 
How is motion divided 1 
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130. Absolute motion is a change of place with regvidto 
a fixed point, and is estimated without reference to the mo- 
tion of any other body. When a man rides along the street, 
or when a vessel sails through the water, they are both in 
absolute motion. 

131. Relative motion, is a change of place in a body, 
with respect to another body, also in motion, and is esti- 
mated from that other body, exactly as absolute motion is 
from a fixed, point. * 

132 The absolute velocity of d|r earth in its orbit from, 
west to east, is 68,000 miles in an hour ; that of Mars, in 
the same direction, is 55,000 miles per hour. The earth's 
relative velocity, in this case, is 13,000 miles per hour from 
west to east. That of Mars, comparatively, is 13,000 miles 
from east to west, because the earth leaves Mars that dis- 
tance behind her, as she would leave a fixed point. 

133. Rest, in the common meaning of the term, is the 
opposite of motion, but it is obvious, that rest is often a rela- 
tive term, since an object may be perfectly at rest with 
respect to some things, and in rapid motion in respect to 
others. Thus, a man sitting on the deck of a steam-boat 
may move at the rate of fifteen miles an hour, with respect 
to the land, and still be at rest with respect to the boat. And 
so, if another man was running on the deck of the same boat 
at the rate of fifteen miles the hour in a contrary direction, 
he would be stationary in respect to a fixed "point, and still 
be running with all his might, with respect to the boat. 

Velocity of Motion. 

134. Velocity is the rate of motion at which a body 
moves from one place to another. 

135. Velocity is. independent of the weight or magnitude 
of the moving body. Thus a cannon ball and a musket 
ball, both flying at the rate of a thou3and feet in a second, 
have the same velocities. 

136. Velocity is said to be uniform, when the moving 
body passes over equal spaces in equal times. If a steam- 
boat moves at th« rate of ten miles every hour, her velocity 
is uniform. The revolution of the earth from west to east 
is a perpetual example of uniform motion. 

What is absolute motion 1 What is relative motion t What is Uie 
earth's relative velocity in respect to Mars 1 In what respect is a mW^ . 
in a steam-boat at rest, and in what respect does he movie 1 Whi| ik . 
vdoQity 1 When is veloeity uniform 1 
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137. Velocity is (ucelerated, when the rate of motion u 
constantly increased, and the moving hody passes through 
miequal spaces in equal times. Thus, when a &lling hody 
!noves sixteen feet during the first second, and forty-eight 
feet during the next second, and so on, its velocity is accele- 
rated. A hody falling from a height freely through the aij, 
S the most perfect example of this kind of velocity. 
I 138. Retarded velocity/\s when the rate of motion of the 
* ody is constantly deceased, and it is made to move slower 
and slower. A hall 'flVown upwards into the air, has its 
velocity constantly retarded hy the attraction of gravitation, 
and consequently, it moves slower every moment. 

Force, or Momentum of Moving Bodies. 

139. The velocities of bodies are equal, when they pass 
over equal spaces in the same time; but the force with 
which bodies, moving at the same rate, overcome 'impedi- 
ments, is in proportion to the quantity of matter they contain. 
This power, or force, is called the momentum of the moving 
body. 

« 140. Thus, if two bodies of the same weight move with 
the same velocity, their momenta will be equal. 

141. Two vessels, each of a hundred tons, sailing at the 
rate of six miles an hour, would overcome the same impedi- 
ments, or be stopped by the same obstructions. Their mo- 
menta would therefore be the same. 

142. The force, or momentum of a moving body, is in 
proportion to its quantity of matter, and its velocity. 

143. A large body moving slowly, may have less mo- 
mentum than a small one moving rapidly. Thus, a bullet, 
shot out of a gun, moves with much greater force than a 
stone thrown by the hand. The momentum of a body is 
found by multiplying its quantity of matter by its velocity. 

144. Thus, if the velocity be 2, and the weight 2, the mpi 
mentum will be 4. If the velocity be 6, and the weight of 
the body 4, the momentum will be 24. 

145. If a moving body strikes an impediment, the force 
ivith which it strikes, and the resistance of the impediment. 

When is velocity accelerated 1 Give illustrations of these two kinds 
. of velocity. What is meant by retarded velocity 1 Give an example 
of retarded velocity. What is meant by the mottentum of. a bodyt 
When will the momenta of two bodies be equal 1 Give an exanmle. 
When has a small body more momentum than a large one 1 By wiuit 
iuk/ h the momenixxm of a body found 1 ^ 
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Me equal. Thus, if a boy throw his ball agunst the nde 
of the house, with the force of 3, the houM redtts it with 
an equal force, and the ball rebounds If he throws it 
aga.inst a pane of glass with the same force, the glon Lav- 
ing only toe power of 2 to resist, the ball will go through 
the glass, still retaining one third of its force. 

146. Action and re-action equal. — From obsemtiou 
made on the effects of bodies striking each other, it is (bund 
that action and re-action are equal ; or, in other words, that 
force and resistance are equal. Thus, when a mo?iog bodjr 
strikes one that is at rest, the body at rest returns the blow 
with equal force. 

This is illustrated by the well known fact, that if two 
persons strike their heads together, one being in motion, 
and the other at rest, they arc both equally hurt 

1 47. The philosophy of action and re-action is finely illn«- 
imted by a number of ivory balls, suspended by threads^ a* 
in fig. 10, so HS to touch each Vig- 10. 

Dlhei^. If the ball a be drawn 
from the perpendicular, and 

, then let fall, so as to strike the 

-. one next to it, the motion of the 
falling ball will be coromuni- 
caled through the whole series, 
from one to the other. None of 
the balls, except f, will, how- 
ever, appear to move. This 
will be understood, when we 
consider that the re-action of b, 
is just equal to the action of u. 
and that each of the other balls, l_ 
in like manner, acts, and re- f 
nets, on the other, until the mo- 
tion of a arrives at / which, having no impediment, or 
nothing to act upon, is itaelf put in motion. It is, therefiiTe, 
re-actioD, which causes all the balls, except f, to remain at 
lest. 

148. It is by a modification of the same principle, that 
rockets are impelled Ihroug-h the air. The stream of ex- 
panded air, or the fire, which is emitted from the lower end 




BS tho man distanl onftODly movel 



40 REFLECTED MOTION. 

of the rocket, not only pushes against the rocket itself but 
against the atmospheric air, which, re-acting against the air 
so expanded, sends the rocket along. 

1 49. It was on account of not understanding the princi- 
ples of action and re-action, that the man undertook to make 
a fair wind for his pleasure boat, to be used whenever he 
wished to sail. He fixed an immense bellows in the stern 
of his boat, not doubting but the wind from it would carry 
him along. But on making the experiment, he found that 
his boat went backwards instead of forwards. The reason 
is plain. The re-action of the atmosphere on the stream of 
wind from the bellows, before it reached the sail, moved 
the boat in a contrary direction. Had the sails received the 
whole force of the wind from the bellows, the boat would not 
have moved at all, for then, action and rc-action would have 
been exactly equal, and it would have been like a man's at- 
tempting to raise himself over a fence by the straps of his 
boots. 

* Reflected Motion. 

150. It has been stated that all bodies, when once set in 
motion, would continue to move straight forward, until some 
impediment, acting in a contrary direction, should bring 
ihem to rest; continued motion without impediment being a 
consequence of the inertia of matter. 

151. Such bodies arc supposed to be acted upon by a sin- 
gle force, and that in the direction of the line in which they 
move. Thus, a ball sent out of a gun, or struck by a bat, 
turns neither to the right nor left, but makes a curve to- 
wards the earth, in consequence of another force, which is 
the attraction of ayavitation, and by which, together with 
the resistance of the atmosphere, it is finally brought to the 
giound. 

152 The kind of motion now to be considered, is that 
which is produced when bodies are turned out of a straight 
line by some force, independent of gravity. 

153. A single force, or impulse, sends the body directly 
forward, but another force, not exactly coinciding with this 
will give it a new direction, and bend it out of its former 
course. 



On what principle are rockets impelled throug^h the air ? Jn the ex 
pcriinent with the boat and bellows, why did the boat move back 
wards 1 Why would it not have moved at all, had the sail received 
all the wind from the bellows 1 Suppose a body is acted on, and set 
in motion by a single force, in what direction will it move 1 
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154. If; for instance, two moving bodies strike each other 
obliquely, they will both be thrown out of the line of their 
former direction. This is called reflected motion, because 
it observes the same laws as reflected light. 

155. The bounding of a ball; the skipping of a etone 
over the smooth surface of a pond ; and the oblique direction 
of an apple, when it touches a limb in its fall, are examples 
of reflected motion. 

156. By experiments on this kind of motion, it is found, 
that moving bodies observe certain laws, in respect to the di- 
rection they take in rebounding from any impediment they 
happen to strike. Thus, a ball, striking on the floor, or wall 
of a room, makes the same angle in leaving the point where 
it strikes, that it does in approaching it. 

157. Suppose a b, 

fig. 11, to be a marble Fig. 11. 

slab, or floor, and c to 

be an ivory ball, which ^^x^ .^^C 

has been thrown to- 
wards the floor in the 

direction of the line c , ^^^ ^ 

e ; it will rebound in '^ *^ 

the direction of the line e d, thus making the two angles 
yand g exactly equal. 

158. If the ball approached the floor under a larger or 
smaller angle, its rebound would observe the same rule. 
Thus, if it fell in the Pig. \% 

line h k, fig. 12, its re- 
bound would be in the £ ^ ^ h 
line k i, and if it was 
dropped perpendicu- 
larly from I to k, it 
would return in the 
same line to I. The an- 
gle which the ball 
makes with the per- 
pendicular I k, in its 
approach to the floor, is called the angle of incidence, and 





What is the motion called, when a body is turned out qf a straight 
line by another force 1 What illustrations can you give of reflected 
motion % What laws are observed in reflected motion 1 Suppose a ball 
to be thrown on Uie floor in a certain direction, what rule will \i oIh 
serve in rebound' ig 1 What is the angle called, whish the ball mains 
in approaching the floor 1 
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thmt which h makes in departing from the floor In khe Hum 
line, is called the an^le of reflection, and these anglei ars 
.'1 1 ways equal to each other. 

CoMPOrND MOTIOlf. 

159. Compnu/hd motion is that motion which is produced 
by two or ntoro forces, acting in different directions, on th« 
same body, at the same time. This will be readilj unuer- 
ttood by a diagram. 

IGO. Suppose the ball a, ^ Fig. 13. 

finr. 13, to be moving with 
a certain velocity in the 
line h r, and suppose that 
at the instant when it came b- 
to the point a, it should be 
struck with an equal force 
in the direction of d e, as 
it cannot obey the direction 
of both these forces, it will 
take a course between 
them, and fly off in the di- 
rection of f. 

101. The reason of this 
js plain. The first force would carry the ball from bloc; 
the second would carry it from dio e; and these two forces 
being equal, gives it a direction just half way between the 
two, and therefore it is sent towards/ 

162. The line a/ is called the diagonal of the square^ 
and results from the cross forces, b and d, being equal to each 
other. If one of the moving forces is greater than the 
other, then the diagonal line will be lengthened in the di- 
rection of the greater force, and instead of being the diago- 
nal of a square, it will become the diagonal of a parallelo- 
gram, or oblong square. 




What is the tingle called, whk h it makes in leaving the floor ? What 
IS the difference between these angles 7 What is compound motion *) 
Suppose a ball, moving with a certain force, to be struck crosswise 
with the same force, in what direction will it move ? 
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163. Suppose the force Big. 14. 
in the direction of a i, 
should drive the ball with 
twice the velocity of the 
cross force c d, fig^. 14, 
then the ball would go 
twice as far from the line 
c d, as from the line h a^ 
and e/ would be the di- 
agonal of a parallelogram 
whose length is double its breadth. 

164. Suppose a boat, in crossing a river, is rowed forward 
at the rate of four miles an hour, and the current oi the river 
is at the same rate, then the two cross forces will be equal, 
and the line of the boat will be the diagonal of a square, as 
in fig. 13. But if the current be four miles an hour, and 
the progress of the boat forward only two miles an hour, 
then the boat will go down stream twice as fast as she goes 
across the riv^r, and her path will be the diagonal of a pa- 
rallelogram, as in fig. 14, and therefore to make the boat 
pass directly across the stream, it must be rowed towards 
some point higher up the stream than the landing place ; a 
fact well known to boatmen. 

Circular Motion. 

165. Circular motion is the motion of a body in a ring, or 
circle, and is produced by the action of two forces. By one 
of these forces, the moving body tends to fly off in a straight 
line, while by the other it is drawn towards the centre, and 
thuff it is made to revolve, or move round in a circle. 

'166. The force by which a body tends to go off in a 
straight line, is called the centrifugal force ; that which 
keeps it from flying away, and draws it towards the centre, 
is called the centripetal force. 

167. Bodies moving in circles are constantly acted upon 
by these two forces. If the centrifugal force should cease, 
the moving body would no longer perform a circle, but 
would directly approach the centre of its own motion. If 

Suppose it to be struck with half its former force, in what direction 
will it movel What is the line af, fig. 13, called 1 What is the lino 
ef fig. 14, called 1 How are these figures illustrated 1 What is circu- 
lar motion 1 How is this motion produced 1 What is the centrifugal 
force 1 What is the centripetal force 1 Suppose the centrifugal f" 
should cease, in what direction would the boay move 1 
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ihe centripetal force should cease, the bo4|r would insluidy 
begin to move off in a straight line, this oeiBg; ae we hare 
explained, the direction which all bodies ten when acted 

on by a single force. 

168. This will be obvious Fig.l& 
by fig. 15. Suppose a to be a 
cannon ball, tied with a string 
to the centre of a slab of smooth 
marble, and suppose an attempt 
be made to push this ball with 
the hand in the dii^||ptio& of b ; 
it is obvious that tha strings 
would prevent its going to that 
point; but would keep it in 
the circle. In this case, the 
string is the centripetal force. 

169. Now suppose the ball 
to be kept revolving with rapidity, its velocity and weight 
will occasion its centrifugal force; and if the sfimjg were 
cut, when the ball was at the point c, for instaneeplhia force 
would carry it off in the line towards b. 

170. The greater the velocity with which a bodv movei 
round in a circle, the greater will be the fo^ce with which 
it will fly off in a right line. 

171. Thus, when one wishes to sling a stone to the great 
est distance, he makes it whirl round with the ffreateat poe 
sible rapidity, before he lets it go. Before the invention of 
other warlike instruments, soldiers threw stones in this 
manner, with great force, and dreadful effects. 

172. The line about which a body revolves, is called it^ 
axis of motion. The point round which it turns, ot^%o 
which it rests, is called the eerUre of motion. In fig. 15 
the point d, to which the string is fixed, is the centre of mc- 
tion. In the spinning top^ a line through the centr^ of the 
handle to the point on wnich it turns, is the axis of motion. 

173. In the revolution of a wheel, that part which is al 
the greatest distance from the axis of motion, has the great* 
est velocity, and, consequently, the greatest centnfnga. 
force. 

Suppose the centripetaLforce should cease, where would the body go 1 
Explain fig. 15. What constitutes the centrifuffal force of a body 
movin» round in a circle'? How is this illustratedl What is the azu 
of motion 1 What is the centre of motion 1 Give illustrations. What 
part of a revolving wheel has the greatest centrifugal force. 
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174. Suppose the wheel, fig. Fig. 16. 
16, to revolve a certain number 
of times in a minute, the velocity 
of the end of the arm, at the 
point a, would be as much great- 
er than its middle at vhe point ^ 
as its distance is greater from the 
axis of motion, because it moves 
in a larger circle, and conse- 
quently the centrifugal force of 
the rim c, would, in like manner, 
be as its distance from the centre 
of motion. 

175. Large wheels, which are designed to turn with great 
velocity, must, therefore, be made with corresponding 
strensrth, otherwise the centrifugal force will overcome the 
cohesive attraction, or the strength of the fastenings, in which 
case the v^eel will fly in pieces. This sometiihes happens 
to the lacK^ grindstones used in gun-factories, and the stone 
either flies away piece-meal, or breaks in the middle, to the 
great danger of the worlfmen. 

176. Were the-diurnal velocity of the earth about seven- 
teen times greater than it is, those parts at the greatest dis- 
tance from its axis, would begin to fly oflT in straight lines, 
as the water does from a grindstone, when it is turned rap- 
idly. 

Centre of Gravity. 

177. The centre of gravity, in any body or system of 
bodies, is that point upon which the body, or system of 
bodies, acted upon only by gravity, will balance itself in all 
positions. 

178. The centre of gravity, in a wheel made entirely of 
wood, and of eaoal thickness, would be exactly in the mid- 
dle, or in its orainary centre of motion. But if one side of 
the wheel were made of iron, and the other part of wood, 
its centre of gravity would be changed to some point, aside 
from the centre of the wheel. 



Why 1 Why must large wheels, turning with great velocity, be 
strongly made 1 What would be the consequence, were the velocity of 
the earth 17 times greater than it is 1 Where is the centre of gravity in 
a body 1 Where is the centre of gravity in a wheel, made of wood 1 
Tf one side is made of wood, and the other of iron, where is the centre 1 
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179. Thus, the centre o! flrrmi% VSf- H. 
in the wooden wheel, fipf. 17, would 
be at the axis on which it tarns ; but 
were the arm a, of iron, its centre 
of motion and of graTity would no 
longer be the same, but while the 
centre of motion remained as before, 
the centre of gravity would fidl to 
the point a. Thus the centse of 
motion and of grarity, though <rfUai 
at the same point, iNtnot aiwajrs so. 

180. When the body is shaped irregularlj, or tliero air 
two or more bodies conne^eS, the centre of giwrity is thi 
point on which they will balance without fiJling. 

181. If the two balls, a and b, fig. Fig. 18. 

18, weigh each four pounds, the cen- 
tre of gravity will be a point on the 
bar equally distant from each. 

182. But if one of the balls be 
heavier than the other, then the cen- 
tre of gravity will, in proportioii^p- 
proach the larger balL Thus, in fig. 

19, if c weighs two pounds, and d 
eight pounds, the centre of gravity will be four timet the 
distance from c that it is from d, ^ 

183. In a body of equal thickness, as a board, or a slaV 
of marble, but otherwise of an irregular shape, the centra 
of gravity, may be found by suspending it, first from one 
point, and then from another, and marking, by means of s 
plumb line, the perpendicular ranges from the point of «bs- 
pension. The centre of gravity will be the point wherv 
these two lines cross each otheryf 

Thus, if^ ^-^ «►>. ^^ 

the irregular V^^^,,^^ , ''-x- 

shaped piece ^^ ^ 

of board, fig. 

20, be sus- 
pended by 
making a 
hole through 
it at the point 

Is the centre of motion and of graTity alwa3r8 tbe samel When twi 
oodies are connected, as by a bar between them where is the Qentre of 
gravity 1 
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A, and at the same point suspending the plumb line e, both 
board and line will hang in the position represented in the 
figure. Having marked this line across the board, let it be 
suspended again in the position of fig. 21, and the perpen- 
dicular line again marked. The point where these lines 
cross each other is the centre of gravity, as seen by fig. 22. 

184. It is often of great consequence, in the concerns of 
life, that the subject of gravity should be well considered, 
since the strength of buildings, and of machinery, often de- 
pends chiefly on the gravitating point. 

185. Common experience teaches, that a tall object, with 
a narrow base, or foundation, is easily overturned ; but com- 
mon experience does not teach the reason, for it is only by 
understanding principles, that practice improves experiment. 

186. An upright object will fall to the ground, when it 
leans so much that a perpendicular line from its centre of 
gravity falls beyond its base. A tall chimney, therefore, 
with a nairow foundation, such as are commonly built at the 
present da^i will fall with a very slight inclination. 

187. Now, in falling, the centre of gravity passes through 
the part of a circle, the centre of which is at the extremity 
of the base on which the body stands. This will be com- 
prehended by Rg. 23. 

188. Suppose the figure to be a block Fig. 23. 
of marble, which is to be turned over, 
by lifting at the corner a, the corner d 
would be the centre of its motion, or 
the point on which it would turn. The 
centre of gravity, c, would, therefore, 
describe the part of a circle, of which 
the comer, d, is the centre. 

189. It will be obvious, after a little consideration, that 
the greatest difficulty we should find in turning over a 
square block of marble, would be, in first raising up the cen- 
tre of gravity, for the resistance will constantly become less, 
in proportion as the point approaches a perpendicular line 
over the comer d, which, having passed, it will Ml by its 
own gravity. 

In a board of irregular shape, by what method is the centre of grav- 
ity found 1 In what direction must the centre of gravity be from ihe 
outside of the base, before the object will fall 1 In fiuling, the centre of 
gravity passes through part of a circle ; where is the ci%ntre of this cir- 
del In turning over a body, why does the force required constantly 
become less andlessi 
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190. Thedifficakyoftuminff OTerabodyofftMitiedv 
form, will be more strikingly iUnstnUed by iIm fllguce of a 

Uiangle, or low pyramid. 

191. la fig. 24, the cetfNfe of graTity is 
to low, and the base so broad, that in 
turning it over, a great proportion of its 
whole weight most be raised. Hence we 
see the firmness of the pynunid in theo- 
ry, and experience prores its truth i lor 
buildings are found to withstand tha ef-^ 
fects of time, and the commotions of earthquakeit in profat' 
tion as they approach this figure. 

The most ancient monuments of Uitf ayt of birilding, now 
standing, the pyramids of Effynt, m of ibis fern. 

192. When a ball is rolled on a*horiiioiital plaae. the 
centre of gravity is not raised, but moves itai % t^xmight line 
parallel to the surface of the plane on whieklfc foUm^ and is 
consequently always directly oveir its centre i|f notioD. 

193. Suppose, ng' 25'f a is the ^^''V^F 
plane on which the ball moves, b — ^ 
the line on which the centre Of 
gravity moves, and c a plumb line, 
showing that the centre of gravity 
must always be exactly over the 
centre of motion, when the ball 
moves on a horizontal plane — then 
we shall see the reason why a ball 
moving on such a plane, wiM rest with eqiul 
any position, and why so little force is required to aet it 
motion. For in no other figure does the centre of g my ( ly 
describe a horizontal line over that of motion, in wh ate wr 
direction the body is moved. 

194. If the plane is inclined downwards, the bidl m in- 
stantly thrown into motion, because the centre of g ra vity thai 
£ills forward of that of motion, or the point on whiA the 
ball rests. 




Why is there less force required to overturn a cube, or sqcMfS^ 1 
a t>yiamid of the same weight 1 When a ball is rolled on a hori 
tal plane, in what direction does the centre of gravity move 7 KxpUl 
fig. 25. Why does a ball on a horizontsd plane rest equally well la aV 
positions? Why does it move with little force? Iidieplaiw faCSi' 
•lined downwards, why does the ball roll in that direcdon f ^•. '^■' 

' ■ ■-» 
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195. Tliis is explained bv fig. 26, Pifr 96- 
where a is the point on which the 
ball rests, or the centre of motion, c 
the perpendicular line from the cen- 
tre of gravity as shown by the plumb 
weight c. 

If the plane is inclined upward, 
force is required to move the ball in 
that direction, because the centre of 
gravity then fells behind that of mo- 
tion, and therefore the centre of grav- 
ity has to be constantly lifted. This 
is also shown by hg. 26, only considering the ball to be 
moving up jhe inclined plane, instead of down it. 

196. Fi?om these principles, it will be readily understood, 
why so much force is required to roll a heavy body, as a 
nogshead of sugar, for instance, up an inclined plane. The 
centre of gravity felling behind that of motion, the weight is 
constantly acting against the force employed to raise the body 

197. From what has been stated, k will Fig. 27. 
6e linderstood, that the danger that a body 
will fall, is in proportion to the narrowness 
of its base, compared with the height «f the 
centre of gravity above the base. 

198. Thus, a tall body, shaped like fig. 27, 
will fell, if it. leans but very slightly, for the 
centre of gravity being fer above the base, at 
a^is brought over the centre of motion, 5, 
with little inclination, as shown by the plumb 
line. Whereas a body shaped like fig. 28, 
will not fell until it leans much more, as again 
shown by the direction of the plumb line. 

199. We may learn, from these compari- 
sons, that it is more dangerous to ride in a 
high carriage than in a low one, in propor-^ 
tion to the elevation of the vehicle, and the 
nearness of the wheels to each other, or in 
proportion to the narrowness of the base, and 
the height of the centre of gravity. A load 




Fig. 28. 




Why ia force required to move a ball up an inclined plane 1 What is 
the danger that a body will fall proportioned to 1 Why is a body, shaped 
UH fig. 87, more easily thrown down, than one shaped like fig. 281 
Hencfi, in riding in a carringo^ How is the dancec oi u^MMx^'V^^sf^ft* 
ihaed 7 
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of hay upsets where the road raises one wheel but Iktla 
higher than the other, because it is high, and broader on the 
top than the distance of the wheels from each other ; while 
a load of stone is very rarely turned over, because the centre 
of gravity is near the earth, and its weight between the 
wheels, instead of heing far above them. 

200. In man the centre of gravity is between the hips, and 
hence, were his feet tied together, and his arms tied to hi* 
sides, a very slight inclination of his body would carry the 
perpendicular of his centre of gravity beyond the base, and 
he would full. But when his limbs are free to move, he 
widens his base, and changes the centre of ffravity at plea 
sure, by throwing out his arms, as circumstances require. 

201. When a man runs, he inclines forwardLco that the 
centre of gravity may hang before his b^|e, anwtin this po- 
sition, he is obliged to keep his feet constantly adTancing, 
otherwise he would fall forward. 

202. A man standing on one foot, cannot throw his body 
forward without at the same time throwing his other foot 
backward, in order to keep his centre of gravity within the 
base. 

203. A man, therefore, standing with his heels a^painst a 
perpendicular wall, cannot stoop forward without £sJIing', be- 
cause the wall prevents his throwing any part of his body 
backward. A person little versed in such thmgs, agreed to 
nay a certain sum of money for an opportunjjty of possessing 
himself of double the sum, by taking it from the floor with 
his heels against the wall. The man, oCiCOurse, lost his 
money, for in such a posture, one can haraly reach lower 
than his own knee. 

204. The base, on which a man is supported, in walking 
or standing, is his feet, and the space between them. By . 
turning the toes out, this base is made broader, -without 
taking much from its length, and hence persons who turn 
their toes outward, not only walk more firmly, but more 
gracefully, than those who turn them inward. 

205. In consequence of the upright position of man, he is 
constantly obliged to employ some exertion to keep his hal 
anee. This seems to be the reason why children learn b 

Where is the centre of a man's gravity 1 Why will a man, 
a slight inclination^ when his feet and arms are tied 1 Whyci 
who stands with his heels against a wall stoop forward *? Wh^ 
person walk most firmly, who turns his toes outward 1 Why 
a child walk as soon as he can stand 1 
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walk with so muck difficulty, for after they have strepgth 
to stand, it requires considerable experience, so to balance 
the body, as to set one foot before the other without falling. 

206. By experience in the art of balancing, or of keeping 
ihe centre of gravity in a line over the base, men sometimes 

Eerform things, that, at first sight, appear altogether beyond 
uman power, such as dining with the table and chair 
standing on a single rope, dancing on a wire, &c. 

207. No form, under which matter exists, escapes the ge- 
neral law of gravity, and hence vegetables, as well as ani- 
mals, are formed with reference to the position of this centre, 
in respect to the base. 

It is interesting, in reference to this circumstance, to ob- 
serve how. exactly the tall trees of the forest conform to this 
law. 

208. The pine, which grows a hundred feet high, shoots 
up WTl^ as much exactness, with respect to keeping its cen- 
tre of gravity within the base, as though it had been direct- 
ed by the plumb line of a master builder. Its limbs towards 
the top are sent off in conformity to the same law ; each one 
growing in respect to the other, so as to preserve a due 
balance between the whole. 

209. It may be observed, also, that where many trees 
grow near each other, as in thick forests, and consequently 
where the wind can have but little effect on each, that they 
always grow tadler than when standing alone on the plain. 
The roots of suchlrees are also smaller, and do not strike 
so deep as those of trees standing alone. A tall pine, in the 
midst of the forest, would be thrown to the ground by the 
first blast of wind, were all those around it cut away. 

Thus, the trees of the forest, not only grow so as to pre- 
serve their centres of gravity, but actually conform, in a cer- 
tain sense, to their situation. 

Centre of Inertia. 

210. It will be remembered that inertia (21) is one of 
the inherent, or essential properties of matter, and that it is 
in consequence of this property, when bodies are at rest, that 
they never move without tne application of force, and when 

In what dbes the art of balancing, or walking on a rope, consist 1 
What IB observed in the growth of the trees of the forest, m respect to 
the laws of ftra?ity 7 What effect does inertia have on bodie^-at rest 1 
What effiwt does il IJAve on bodies in motion 1 
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once in motion, that they nerer 
external cause. 

811. Now, inertia, though, like graTitT, it imSim aqvallj 
in erery particle of matter, must hAve, like gmvitjt a eeatre 
in each particular body, and this centre ii th« nuaia with 
that of gravity. 

212. In a bar of iron, aix feet long and two iaol Mna^ a ai % 
the centre of gravity is juft three feet from eaeli end, ortt- 
actly in the middle, ui therefore, the bar is snppoited. il 
this jpoint, it will balance equally, and becnae unre an 
equal weights on both ends, it wul notfidLT^^Thkp thoi^ 
fore, is tho centre of gravity. ^ 

Now suppose the bar should be raised 1r]rliinig;nn dg 
centre of gravity, then the inertia, of all ita ^wteinraHli 
overcome equally with that of the middle^ Tthr eeoteaf 
gravity is, therefore, the centre of inertia. 

213. The centra of inertia, being that toint whirh|f>ring 
lifted, the whole hiif is raised, is not, tnerelbre, alwaja il 
the centre of the bd&y. 

214. Thus, suppose the same bar Fig. 99. 
of iron, whose inertia was over^ 
come by raising the centre, to have /**N 
balls of different weigfits attached vZ/ 

to its ends ; then the centre of iner- 

tia would no longer remain in the middle^if ithebar, but 
would be changed to the point a, fig. 29, so that to Uft the 
whole, this pomt must be raised, instead of the imdifloy 4$ 
before. 1^ - ' 

215. When two forces counteract, or balance each other, 
they are said to be in equilibriunL 

216. It is not necessary for this purpose, that the weight 
opposed to each other should be caually heavy, fo|^ we have 
just seen that a small ..weight, placed, at a distance from 
the centre of inertia, will bamnce a large one placed near 
it To produce equilibrium, it is only necessary, that the 
weights on each side of the support should mutually coun- 
teract each other, or if set in motion, that their momenta 
should be equal. 

Is the centre of inertia, and that of gravity, the same 1 Where ia the 
centre of inertia in a body, or a system of bodies 1 Why is Uia point 
of inertia changed, by fixing different weights to the ends (^ dv-iraa 
oarl What is meant by equilibrium 7 To produce - -"• • -^ 
tlie weights be equal 1 
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A pair of scales are in equilibrium, when the beam is in 
a horizontal position. 

217. To produce equilibrium in solid bodies, therefore, it 
is only necessary to support the centre of inertia, or gravity, 

218. If a body, or several bod- Fig. 30. 
les, connected, be suspended by a 
string, as in fig. 30, the point of 
support is always in a perpendic- 
ular line above the centre of in- 
ertia. The plumb line d, cuts the 
bar connectmg the two balls at 
this point. Were the two weights 
in this figure equal, it is evident 
that the hook, or point of support, 

liiust be in the middle of the string, to preserve the hori- 
zontal position. 

219. When a man stands on his right foot, he keeps him- 
self in equilibrium, by leaning to the right, so as to bring 
his centre of gravity in a perpendicular line over the foot 
on which he stands. 

Curvilinear, or bent Motion. 

220. We have seen that a single force acting on a body, 
(153,) drives it straight forward, and that two forces acting 
crosswise, drive it midway between the two, or give it a di- 
agonal direction, (160.) 

221. Curvilinear motion differs from both these, the di- 
rection of the body being neither straight forward, nor di- 
agonal, but through a line which is curved. 

222. This kind of motion may be in any direction, but 
when it is produced in part by gravity, its direction is al- 
ways towards the earth. 

223. A stream of water from an aperture in the side of a 
vessel, as it falls towards the ground, is an example of a 
curved line ; and a body passing through such a line, is said 
40 have curvilinear motion. Any body projected forward, 
AS a cannon ball or rocket, falls to the earth in a curved line. 

224. It is the action of gravity across the course of the 
stream, or the path of the ball, that bends it downwards, and 
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When is a pair of scales in equilibrium 1 When a body is suspended 
by a string:, where must the support be with respect to the point oi in- 
ertia 1 What is meant by curvilinear motion 1 What are examples of 
this kind of motion 1 What two forces produce this motion 1 

5* 
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makei It form a cnrre. Th« motion : 

of two forces, that of projection, and that of „ ^ 

825. The shape of the cnrre will depend on the vdacttf 
of the atream or ball When the pnanua of tbo mlar n 
great, the itream, near the ressel, ii nenrljr horixontnl, b» 
cause its reloci]|3r is in proponioa to the piesanre. Wbn 
a ball first leaves the cannon, it describee but a riigfat bdit^ 
because its projectile velocity is then greatesL 

The curves described by jets of water, under diffineH 
degrees of pressore, are readily illusUated bjtapping a HD 
Teasel i|v,«everol places, one above the other. 

226. 'Boppose fig. 31 be , Pif.lt 

such a vessel, filled with wa- 
ter, and pierced as represent- 
ed. The streams will form 
curves differing from each 
other, as seen in .the figure. 
Where the projecufe force is 
greatest, as from the lower 
orifice, the stream reaches the 
ground at the greatest distance 
from the vessel, this distance 
decreasing, as the pressure 
becomes less towards the top 
of the vessel. The action of, 
gravity being always the sf 
the shape ofthe curve described, as just stated, mult depend 
on the velocity of the moving body; hut whether the pro- 
jectile force be great or smaH, the moving body, if thrown 
horizontally, will reach the ground from the tame h^gh 
in the same time. 

£27. This, at first thought, would seem improbable, ftr, 
without consideration, motit persons would assert, rcry po^ 
tively, tlut if two cannon were fired from the same spot, at the 
same instant, and in the same direction, one of the Dalle bit 
in? half a mile, and the other a mile dislaol, that the ball 
which went lo the greatest distance, would take the nio< 
time in performing its joumqiy. 

228. But it must be remefbbeied, that the piojeetile fines 




On what does the shape of the curve depend T How ire the mrm 
Jescribcd by jets of vrela illUHtraled 1 What differenca is Uiwb in n. 
■peel to Lhn time taken by a Ijody to reach the ^pMuiid, whether tttaoBrf) 
M great or imoJI ^ Whf do bodies rormin; diOercnt curves from ifcl 
nunc height, reach ihe ground at the tame lioia 1 i^ 
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does not in the least interfere with the force of gravity. A 
ball flying horizontally at the rate of a thousand feet per 
second, is attracted downwards with precisely the same force 
OS one flying only a hundred feet per second, and most 
therefore descend the same distance in the same time. 

229. The distance to which a ball will go, depends on the 
force of impulse given it the first instant, and consequently 
on its projectile velocity. If it moves slowly, the distance 
will be short — if more rapidly, the space passed over will 
be greater. It makes no difference, then, in respect to the 
descent of the ball, whether its projectile motion be fast^ or 
slow, or whether it moves forward at all. 

230. This is demonstrated by experiment. Suppose a 
cannon to be loaded with a ball, and placed on the top of a 
tower, at such a height from the ground, that it would take 
just three seconds for a cannon ball to descend from it to the 
ground, if let fell perpendicularly. Now suppose the can- 
non to be fired in an exact horizontal direction, and at the 
same instant, the ball to be dropped towards the ground. 
They will both reach the ground at the same instant, pro- 
vided its surface be a horizontal plane from the foot of the 
tower to the place where the projected ball strikes. ^ 

281. This will be made plain by fig. 32, where 4 is the 
perpendicular line of the descending ball, c b the curvilinear 
path of that projected from the cannon, and rf, the horizon- 
tal line from the foot of the tower. 

Fig. 32. 




Suppose two balls, one flying Ht the rate of a thousand, and the other 
at the rate of a hundred feet per second, which would descend most 
during the second ? Does it make any difference in respect to the de- 
scent of the ball, whether it has a projectile motion or not 1 Suppose, 
then, one ball be fired from a cannon, and another let fall from the 8am« 
height at the same instant, would they both reach the groun'' 
same tmio 1 Explain fig. 3d, showing the reaaon why tne two ' 
reach the ground at the same time* .^ 
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The reason why the two balls feach die Jponad at tlie 

fame time, is easily comprehended. 

232. During the first second, suppose that dte ball which' 
is dropped, reaches f ; daring the o^ second it fiiUi to 2; 
and at the end of the third second, it 'strikes the greand. 
Meantime, the hall shot from the cannon is projected for- 
ward with such velocity as to reach 4 in the same time that 
the other is falling to 1. But the projected ball fiiUa down- 
ward exactly as fast as the other, for it meets the line 1, 4, 
which is parallel to the horizon, at the same instant Daring 
the next second, the projected ball reaches 5, while the other 
arrives at two ; and here again they hi^ve both descended 
through the same downward space, as u Mp^ hy tibe line 2, 
5, which is parallel with the other. Daimff the thiid wbb- 
end, the ball from the cannon will have nearly spent itsjpro* 
jectile force, and, therefore, its moffon downwaid will be 
gfteater, while its motion forward will be less than befcre. 
The reason of this will be obvious, when it is considered 
that in respect to gravity, both balls i^llow exactly ihl 
same law, and fall through equal spaces in equal timea 
Therefore, as the falling*ball descends through* the gmML 
space during the last second, so that from the cannon, haviog 
now a less projectile motion, its downward motion is mom 
direct, and, like all falling bodies, its velocity is increased Sf 
it approaches the earth. 

233. From these principles it may be inferred, that ths 
horizontal motion of a body through the air, does not in ths 
least interfere with its gravitating motion towards the earth, 
and, therefore, that a rifle ball, or any other body projected 
forward horizontally, will reach the ground inexactly the 
same period of time, as one that is le^ fall perpendicularly 
from the same height. 

234. The two forces acting on bodies which &U through' 
curved lines, are the same as the centrifugal and centripetal 
forces, already explained ; the centrifugal, in case of the ball. ' 
hemg caused by the powder — the centripetal, being* the as 
tion of gravity. 

235. Now, it is obvious, that the space through which a » 
cannon ball, or any other body, can be thrown, depends on 

Why does the ball approach the earth more rapidly in the last part 
of the curve, than in tlio first part? What is tne force called' W£^ 
throws a ball forward 1 What is that called, which brin^ it to tki 
ground 1 On what docs the distance to which a projected body' may hi 
thrown depend 1 Why does the distance depend on the velactty 1 
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the velocity with which it is projected, for the attraction of 
gn^vitation, and the resistance of the air, acting perpetually, 
the time which a projectile can be kept in motion, through 
the air, is only a lew moments. 

236. If, however, the projectile be thrown from an ele- 
vated situation, it is plain, that it would strike at a greater 
distance than if thrown on a level, because it would remain 
longer in the air. Every one knows that he can throw a 
stone to a greater distance, when standing on a steep hill, 
than when standing on the plain below. 

237. Bonaparte, it is saio, by elevating the range of his 
shot, bombarded Cadiz from the distance of five miles. Per- 
haps, then, from a high mountain, a cannon ball might be 
thrown to the diatance of six or seven miles. 

238. Suppose the cir- Fig^33. 
cle, fig. 33, to be the 
earth, and a, a high 
mountain on its surface. 
Suppose that this moun- 
tain reaches above the 
atmosphere, or is fifty 
miles high, then a cai)- 
non ball might perhaps 
reach from ato b, a, dis- 
tance of eighty or a 
hundred miles, because 
the resistance of the at- 
mosphere being out of 
the calculation, it would ^^^^^ 
have nothing to contend with, except the attraction of gravi- 
tation. U, then, one degree of force, or velocity, would 
send it to b, another would send it to c : and if the force was 

^ increased three times, it would fall at d, and if four times, 
It would pass to e. If now we suppose the force to be about 
ten times greater than that with which a cannon ball is pro- 
jected, it would not fell to the earth at any of these points, 
but would continue its motion, until it again came to the 
poidt a, the place from which it was first projected. It 
would now be in equilibrium, the centrifugal force being 
just equal to that of gravity, and therefore it would perform 




Explain fig. 33. Suppose the Telocity of a cannon ball shot from a 
A mountain 60 miles high, to be ten times iu usual rate, where would 
It stop? When would thu baU be in equilibrium 1 
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aoothor, and another rerolntion, and so 
around the earth perpetually. 

239. The reason why the force of g^imvitr will notiikh 
matelv bring it to the earth, is, thai daring toe fixat revoln- 
tion, the effea of thia force is jnit eqoal to that exerted in 
any other revolution, but neither more nor kaa ; nod, then^ 
fore, if the centrifugal force was anfficient to overcome tUi 
attraction during one reyolution, it wonld alao orerccMDOe ii 
during the next. It is supposed, also, that nothing tends to 
affect the projectile force except thai of myily, and the 
force of this attraction would be no greater dariDg any other 
revolution, than during the first 

240. In other words, the centrifugal and cenlrinBlal fbrcei 
are supposed to be exactly equal, and to ^utaally balanip 
each other ; in which case, the ball would be^ aa it were^ 
suspended between them. As long, therefore, as these two 
forces continued to act with the same power, the ball would 
no more deviate from its path, than a paii of scales wonli 
lose their balance without more weight on one side than oa 
the other. 

241. It is these two -forces which retain the heavenhr 
bodies in their orbits, and in the case we haye sappoeed, oin 
cannon ball would become a little satellite* moving perpet» 
ally round the earth. 

Resultaitt Motion. 

242. Suppose two men to be sailing in two boats, each at 
the rate of four miles an hour, at a short distance opposite 
to each other, and suppose as they are sailing along in this 
manner, one of the men throws the other an appla ^ In re- 
spect to the boats, the apple wofkld pass directly across, from 

. one to the other, that is, its line of direction would be pe^ 
pendicular to the sides of the boats. Bfft its actual line 
through the air would be obliqu«M>r diagonal, m respect to 
the sides of the boats, because in passing from boat to boat, 
it is impelled by two forces, viz., the force of the motion of 
the boat forward, and the force by which it is thrown by the 
hand across this motion. 

Why would not the force of gravity ultimately brin^ the ball to ths 
earth 1 Afler the first revolution, if the two forces continued the aamcii 
would not the motion of the ball be perpetual ? Suppose two boats, m£U 
in^ at the same rate, and in the same direoion, if an apple be tossed 
from one to the other, what will be its direction in respect to tbb boats 1 
What would be its line through the air, in veMpeci to the boats 1 
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5243. This diagonal motion of the apple is called the re- 
ttUtanU or the resulting motion, because it is the effect, or 
result, of two motions, resolved into one. Perhaps this will 
oe more clear by fig. 34, where Fig. 34. 

a bf and c d, are supposed to be 
the sides of the two boats, and d- 
the line e /, that of the apple. 
Now the apple when thrown, 
aas a motion with the boat at the 
rnte of four miles an hour, from c 
c towards d, and this motion is 
supposed to continue just as though it had remained in the 
Doat. Had it remained in the boat during the time it was 
passing from c to / it would have passed from e to h. But 
we suppose it to have been thrown at the rate of eight miles 
an hour in the direction towards g, and if the boats are 
moving south, and the apple thrown towards the east, it 
would pass in the same time, twice as far towards the east 
as it did towards the south. Therefore, in respect to the 
boats, the apple would pass in a perpendicular line from the 
side of one to that of the other, because they are both in 
motion; but in respect to one perpendicular line, drawn from 
the point where the apple was thrown, and a parallel line 
with this, drawn from the point where it strikes the other 
boat, the line of the apple would be oblique. This will be 
clear, when we consiaer, that when the apple is thrown, the 
boats are at the points e and g, and that when it strikes, they 
are at h and / these two points being opposite to each other. 

Theliae e/ through which the apple is thrown, is called 
the diagonal of a parallelogram, as already explained under 
compound motion. 

244. On the above principle, if two ships, during a bat- 
tle, are sailing before the wind at equal rates, the aim of the 
gunners will be exactly the same as though they stood still ; 
whereas, if the gunner nres from a ship standing still, at 
another under sail, he takes his aim forward of the mark 
he intends to hit, because the ship would pass a little for- 
ward while the ball is going to her. And so, on the con- 

What is this kind of motion called 1 Why is it called resultant mo- 
tion ? Explain fig. 34. Whv would the line of the apple be actually 
perpendicular in respect to tne boats, but oblique in respect to parallel 
lines drawn from where it was thrown^ and where it struck 1 How ii 
this further illustrated 1 When the ships are in equal motion, whert 
does the gunner take his aim 1 Why does he aim forward of the mark 
when the other ship is in motioni 
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iniy, if a ihip in modoa fiiei ai another standing still, the 
lum must lie beluDd tlio muk, bacDuse, as the motion of the 
ball partakes of that of the ihip, it will strike fbiward oi 
the point aimed at 

S45. For the aaine leaaoD, if a ball be dropped from lli« 
topmast of a ship under soil, h p 
ship forward, and will &11 in all 
the same point on the deck, as tl 

246- If a man upon the full fl 
from the height of nis head, he a 
take it before it reachea the ffroimd. 

247. It is on this principl^ that if a camioii hall bs ibl 
np renically from the earth, it will fall bask to llie WM 
point ; for although the earth moves fiirwaid while the ball 
la in the air, yet as it carries this motiiai with it, so the ball 
moves forward also, in an equal degree, and theiiefbre ooimi 
down at the same place. 

248. Ignorance of tbeoe laws induced the ■toi^-sifkini 
sailor to tell his comrades, that he ooea sailed in a shJf 
which went so ftst, that when a man fell finm.the tm^ 
head, the ship sailed away and left the pooz Ulow to sOib 
into the water behind her. 

Pbnpoldb. 

249. A pendulum is a heavy -^ody, stidi as a pieoo «f 

• brass, or lead, suapeitded by a wire or cord, so ai to B«ii| ^ ' 
backwards and forwa^s. 

When a pendulum swings, it is said to nl>rat» t and,diai 
part of a circle through which it vibrates, ia eallad its 3r& 

250. The times of the vibration of a penduliim aie v^f 
nearly equal, whether it pass through a greater or hm part 
of its arc. 

Suppose a and b, fig. 35, to be two peudnlams of j|fiial 
length, and suppose the weights ttT each are oarried, tfie ew 
to c, and the ouier to d, and boui let fitll at the same ia- 

If a ihip in motion Grea at one standing atUl, wbne mnM ba the aial 
Why, in thia cue, man the aim lAbebind th« mukl What oUur it 
liutrationB are gireD of reniltanc motion 1 What ii « pandnloml 
What is meant bj' the vibration of a pendulnm t What Is-Uiitt put of a 
drclecaJled.throug'- —*■'-'• '■ — = ' Tin._ j j_) n — ^ 
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instant; their vi- Fig. 35. 

brations would 
be equal in re- 
spect to time, 
the one pass- 
ing through its 
arc from c to t, 
and so back 
again, in the 
same time that 
the other passes 
from dioft and back again. 

251. The reason of this appears to be, that when the pen- 
dulum is raised high, the action of gravity draws it more 
directly downwards, and it therefore acquires, in falling, a 
greater comparative velocity than is proportioned to the 
trifling difference of height. 

252. In the common clock, the pendulum is connected 
with wheel work, to regulate the motion of the hands, and 
with weights, by which the whole is moved. The vibra- 
tions of the pendulum are numbered by a wheel having sixty 
teeth, which revolves once in a minute. Each tooth, there- 
fore, answers to one swing of the pendulum, and the wheel 
moves forward one tooth in a second. Thus the second hand 
revolves once in every sixty beats of the pendulum, and as 
these beats are seconds, it goes round once in a minute. By 
the pendulum, the whole machine is regulated, for the clock 
goes faster, or slower, according to its number of vibrations 
in a given time. The number of vibrations which a pendu- 
lum makes in a given time, depends upon its length, because 
a long pendulum does not perform its journey to and from 
the corresponding points of its arc so soon as a short one. 

253. As the motion of the clock is regulated entirely by 
the pendulum, and as the number of vibrations are as its 
length, the least variation in this respect will alter its rate 
of going. To beat seconds, its length must be about 39 
inches. In the common clock, the length is regulated by a 
screw, which raises and lowers the weight. But as the rod 
to which the weight is attached, is subject to variations of 

■ — - -. - - — 

Describe the common clock. How many vibrations has the pendu- 
him m a minute 1 On what depends the number of vibrations which 
a pendulum makes in a given time 1 What is the medium length of a 
pendulum beating seconos 1 Why does a common clock go faster m 
winter than in summer 1 

6 
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length ia eonseauence of the chuin of die 

contracted by cold and lengthoiea bjr hea^ the 
clock goes faster in winter thas in aamaier. 

254. Various means ha^e been contriTed tocomitamei 
the efiects of these changes, ao that the pendalanM mayeoa- 
tinue the same length tne whole year. Among inTCDtioni 
for this purpose, the gridiron pendulum ia considered the 
best. It is so called, because it consiate of aevend rods d 
metal connected together at each end. 

255. The principle on which thia pendolam ia construct^ 
ed, is derived from the fact, that aome metals dilate more by 
the same degrees of heat than others. Thu8» brass will di- 
late twice as much by heat, and consequently contract twiee 
as much by cold, as steeL If then these difierences could 
be made to counteract each other mutually, given points at 
each end of a system of such rods would remain stationary 
the year round, and thus the clock would go at the same 
rate in all climates, and daring all seasons. 

This important object is accomplished by the Fig. 36L 
following means. * * 

256. Suppose the middle rod, fig. 36, to be 
made of brass, and the two outside ones of steel, 
all of the same len^h. Let the brass rod be firmly 
fixed to the cross pieces at each end. Let the steel 
rod a, be Axed to the lower cross piece, and 6, to 
the upper cross piece. The rod a, at its upper end, 
passes through the cross piece, and, in life man- f 
ner, b passes through the lower one. This u, 
done to prevent these small rods from playing' 
backwards and forwards as the pendulum swings. 

257. Now, as the middle rod is lengthened by 
the heat twice as much as the outside ones, and 
the outside rods together are twice as long as the 
middle one, the actual length of the pendulum ban 
neither be increased nor diminished by the variations of 
temperature. ' 



fig. 91 







What is necessary in respect to the pendulum, to make the clock go 
true the year round r What is the principle on which the ^diron pen- 
dulum is constructed 1 What are the metals of which this instrument 
is made 1 Explain fig. 36, and give the reason why the ]eng:th of th« 
pendulum will not change by the variations of temperature 1 



PENDULUM. 63 

258. To make this still plainer, suppose the Fl^. 37. 
*ower cross piece, fig. 37, to be standing on a ta- T» f ^ 
b'le, so that it could not be lengthened downwards, 
and suppose, by the heat of summer, the middle 
rod of brass should increase one inch in length. 
This would elevate the upper cross piece an inch, 
but at the same time the steel rod a, swells half 
an inch, and the steel rod 6, half an inch, there- 
fore, the two points, c and d, would remain exact- ■> < , 
ly at the same distance from each other. 

259. As it is the force of gravity which draws the weight 
of the pendulum from the highest point of its arc down- 
wards, and as this force increases, or diminishes, as bodies 
approach towards the centre of the earth, or recede from it, 
so the pendulum will vibrate faster, or slower, in proportion 
as this attraction is stronger or weaker. 

260. Now, it is found that the earth at the equator rises 
higher from its centre than it does at the poles, for towards 
the poles it is flattened. The pendulum, therefore, bt*in? 
more strongly attracted at the poles than at the equator, vi- 
brates faster. For this reason, a clock that would keep 
exact time at the equator, would gain time at the polos, for 
the rate at which a clock goes, depends on the number of 
vibrations its pendulum makes. Therefore, pendulums, in 
order to beat seconds, must be shorter at the equator, and 
longer at the poles. 

For the same reason, a clock which keeps exact time at 
the foot of a high mountain, would move slower on its top. 

26 1 . Metronome. — There is a short pendulum, used by mu- 
sicians for marking time, which may be made to vibrate fast 
or slow, as occasion requires. This little instrument is call- 
ed a metronome, and besides the pendulum, consists of seve- 
ral wheels, and a spiral spring, by which the whole is 
moved. This pendulum is only ten or twelve inches long, 
and instead of being suspended by the end, like other pendu- 
lums, the rod is prolonged above the point of suspension, 
and there is a ball placed near the upper, as well as at the 
lower extremity. 

Explain fig. 37. What is the downward force which makes the pen- 
dulum vibrate 1 Explain the reason why the same clock would ^o faster 
at the poles, and slower at the equator. How can a clock which fi;oc9 
true at the equator be made to go true at the poles 1 Will a clock keep 
equal time at the foot, and on tho top of a high mountain 1 Why will 
it not 1 What is the metronome 1 How does this pendulum differ from 
common pendulums 1 
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862. This arrangement will be 
uKderstood by fig. 38, where a is the 
axis of suspension, b the upper ball, 
and c the lower one. Now when 
this pendulum vibrates firom the 
point a, the upper ball constantly 
retards the motion of the lower one, 
by in part counterbalancing its 
weight, and thus preventing its fall 
velocity downwards. 

263. Perhaps this will be mqi* 
apparent, by placing the peodulmn, 
fig. 39, for a moment on its side, and 
across a bar, at the point of suspen- Fig. 89. 

sion. In this position, it will 

be seen, that the little ball i ^'-^ 

would prevent the large one — Q I v^^/" 

from falling with its full weight, ' ^"^ 

since, were it moved to a cer- 
tain distance from the point of saspension^ it would hdanes 
the larcre one, so that it would not descend at alL It li 
plain, therefore, that the comparative velocity of Ihe Uigt 
ball, will be in proportion as the small one is mov«d to s 
greater or less distance from the point of saspensioii. He 
metronome is so constructed, the little baUJl)einff made to 
move up and down on the rod, at pleasure, and tntui its vi- 
brations are made to beat the time of a quick, or slow tone 
as occasion requires. 

By this arrancfement, the instrument is made to vibrate 
every two seconds, or every half, or quarter of a seccmd, at 
pleasure. 



MECHANICS. 

264. Mechanics is a science which investigates the laws 
and efTects of force and motion. 

265. The practical object of this science is, to teadh the 
best modes of overcominfir resistances by means of meehaD' 
ical powers, and to apply motion to useful purposes^ by 
means of machinery. 



How does the upper ball retard the motion of the lower onet 
is the metronome made to ^o faster or slower, at pleasure 1 . WhiS ii 
mechanics? What is the object of this science 1 
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266. A machine is any instrument by which power, mo- 
rion, or velocity, is applied, or regulated. 

267. A machine may be very simple, or exceedingly com- 
plex. Thus, a pin is a machine for fastening clothes, and a 
steam engine is a machine for propelling mills and boats. 

268. As machines are constructed for a vast variety of 
purposes, their forms, powers, and kinds of movement, must 
depend on their intended uses. 

269. Several considerations ought to. precede the actual 
construction of a new or untried machii&e ; for if it does not 
answer the purpose intended, it is commonly a total loss to 
the builder. 

270. Many a man, on attempting to apply an old princi- 
ple to a new purpose, or to invent a new machine for an old 
purpose, has been sorely disappointed, having found, when 
too late, that his time and money had been thrown away, 
for want of proper reflection, or requisite knowledge. 

271. If a man, for instance, thinks of constructing a ma- 
chine for raising a ship, he ought to take into consideration 
the inertia^ or weight, to be moved — the force to be applied 
— the strength of the materials, and the space, or situation, 
he has to work in. For, if the force applied, or the strength 
of the materials, be insufficient, his machine is obviously 
useless; and if the force and strength- be ample, but the 
space be wanting, the same result must follow. 

272. If he intends his machine for twisting the fibres of 
flexible substances into threads, he may find no difficulty in 
respect to power, strength of materials, or space to work in, 
but if the velocity, direction, and kind of motion he obtains, 
be not applicable to the work intended, he still loses his 
labour. 

273. Thousands of machines have been constructed, 
which, so far as regarded the skill of the workmen, the in- 
genuity of the contriver, and the construction of the indi- 
vidual parts, were models of art and beauty ; and, so far as 
could be seen without trial, admirably adapted to the intend- 
ed purpose. But on puttmg them to actual use, it has too 
often been found, that their only imperfection consisted jo. a 
stubborn refusal to do any part of the work intended. 

274. Now, a thorough knowledge of the laws of motion, 
and the principles of mechanics, would, in many instances 

What i3 a machine 1 Mention one of the most umple, And one ol 
the moat oomplex of machinea. 
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it least, have previftted all this Ion of kboor cttl 

and spared him so much Tezation andchagias, by sbmrinr 

the projector that his machine wonld not anoww the intanl- 

ed purpose. 

275. The importance of this kind of knowladge is there- 
fore obvious, and it is hoped will become more so as wo 
proceed. 

276. Definitions, — In mechanics, as well 'ae in other 
iciences, there are words which most be ezplainadc either 
because they are^bmmon words used ft a pecaliar senses 
or because they are terms of art, not in common use. 
All technical terms will be as much as possible avoided; but 
still there are a few, which it ia necessary here to explain. 

277. Force is the means by which bodies are sal m mo- 
tion, kept in motion, and when moving, are brouglit to rest 
The force of gunpowder sets the ball in motion, and keeps 
it moving, until the force of resisting air, and the force of gra- 
vity, bring it to rest 

278. Power is the means by which the machine is movedi 
and the force gained. Thus we have horse power, watei 
power, and the power of weights. 

279. Weight is the resistance, or the thing to be moved 
by the force of the power. Thus, the stone is the weight to be 
moved by the force of the lever, or bar. 

280. Fulcrum, or prop, is the point or part on which a 
thing is supported, and about which it has more or less mo- 
tion. In raising a stone, the thing on which the lever rests^ 
is the fulcrum. 

281. In mechanics, there are a few simple machinH|.. 
called the mechanical powers^ and however mixed, or cqipr 
plex, a combination of machinery may be, it consists only d 
these few individual powers. 

282. We shall not here burthen the memory of the pn- 
pil with the names of these powers^ of the nature of whicb 
ne is at present supposed to know nothing, but shall explain 
the action and use of each in its turn, and then sum up thfl 
whole for his accommodation. 

The Lever. 

283. Any rod, or bar, which is used in raising a ^reigH 



What is meant by force in mechanics 1 What is meant by ^ . . 
What is understood by weight 1 What is the fulcmm 1 Art the 
chanicol powers numerous, or only few in number 1 
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er rarmounting a resistance, by being placed on a fulcram« 
or prop, becomes a iever. 

284. This machine is the most simple of all the mechani* 
cal powers, and is therefore in universal use. 

285. Fig.40repre- Pig. 40. 
?ents a straight lever» 
or handspike^ called 
also a crow'har, which 
is commonly used in 
raising and moving 
stone and other heavy 
bodies. The block b 
is the weight, or re- 
sistance, a is the lever, and c, the fiUcrum. 

286. The power is the hand, or weight of a man, applied 
at a, to depress that end of the lever, and thus to raise the 
weight. 

It will be observed, that by this arrangement, the applica- 
tion of a small power may be used to overcome a great re- 
sistance. 

287. The force to be obtained by the lever, depends on its 
length, together with the power applied, and the distance of 
the weight and power from the fulcrum. 

288. Suppose, fig. 41, that a Pig. 41. 
is the lever, b the fulcrum, d 
the weight to be raised, and c 
the power. I<et d be consider- 
ed three times as heavy as c, 
.and the fulcrum three times as 
fill from c as it is from d ; then 
the weight and power will ex- 
actly balance each other. Thus, 
if the bar be four feet long, and the fulcrum three feet from 
the end, then three pounds on the long arm, will weigh just 
as much as nine pounds on the short arm, and these pro- 
portions will be found the same in all cases. 

289. When two weights balance each other, the falcfum 
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What is a lever 1 What is the simplest of all mechanical powers % 
Explain fig. 40. Which is the weight i Where is the fiilcnun i Where 
is tne power applied 1 What is the power in this easel On what 
does the force to be obtained by the lever depend 1 Suppose a lever 4 
feet long, and the fulcrum one foot from the end, what number of 
pounds will balance each other at the ends % When weights bala^MS 
Mch other, at what point between them must the fulcrum m1 





ig always at the eedVi of grafkjf between 
fore, to make a small weight niae a imte onm, the Aitenia 
must be plactnl as near as poaibla to the lefge ene, sioei 
the givater the distance from the filcrum ikM 9wuiU wngk 
or power is placed, the greater will be ita Ibrea 

290. Suppose cne weight A, Fi^. 4& 
fig. 4% to TO sixteen pounds, 
snd suppose the fulcrum to be 
placed so near it. as to be 
raised by the powCT a, of four 
pounds, hanging equally dis-' 
tant from the fulcrum and the 
end of the lever. If now the 
power a, be removed, and 

another of two pounds, c, be placed at the end of the lerei; 
liA force will be just equal to a. placed at the middle of tk 
lever. 

291. But let the fulcrum be moved alonff to the iniddleof 
the lever, with the weight of sixteen pounds atill sospendel 
to it, it would then take another weip^ht of sixtoen poundi^ 
instead of two pounds, to balance it, ng. 48. 

292. Thus, the power which Fig. 49. 
would balance 16 pounds, 
when the fulcrum is in one 
place, must be exchanged for 
another power 
times as much 
crum is in another 

From these investis^tions, 
we may draw the following 

general truth, or proposition, concerning the lever : ** 7^ 
the force of the lever increases in proportion to the distanci 
of the power from the fulcrum, and diminishes in prth 
portion as the distance of the weight from the fulcrwm t» 
creases.^^ 

293. From this proposition may be drawn the following 
rul<f, by which the exact proportions between the weight or 
resistance, and the power, may be found. MiUiiply the 



I exchanged for 1^ 
weighing eight X'^^t 
I, when the nil- ( \ 

ther place. \ ^ ^ 




Safpose a weight of 16 pounds on the short arm of a lever is eouii' 
terh .rnced by 4 pounds in the middle of the long arm, what powei 
w>i r' .alance this weight at the end of the lever 1 Suppose the ftd- 
ftrw f) be moved to the middle of the lever, what power would then be 
tSu' '^^f^""^*^ '^^^ ^ *^® general proposition drawn fiooi 
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weight by its distance from thefidcium ; then multiply the 
power by its distance from the same point, and if the prO' 
ducts are equal, the weight and the power will balance e<uh 
other, 

294. Suppose a weight of 100 pounds on the short arm 
of a lever, 8 inches from the fulcrum, then another weight, 
or power, of 8 pounds, would be equal to this, at the dis- 
tance of 100 inches from the fulcrum; because 8 multiplied » 
by 100 is equal to 800 ; and 100 multiplied by 8 is equal 
CO 800, and thus they would mutually counteract each 
other. 

295. Many instruments Pig. 44. 
in common use are on the 
principle of this kind of le- 
^r. Scissors, fig. 44, 
consist of two levers, the 
rivet being the fulcrum for 
both. The fingers are the 
power, and the cloth to be 
cut, the resistance to be 
overcome. 

Pincers, forceps, and sugar cutters, are examples of this 
kind of lever. 

296. A common scale-beam, used for weighing, is a lever, 
suspended at the centre of gravity, so that the two arms 
balance each other. Hence the machine is called a bcdamce. 
The fulcrum, or what is called the pivot, is sharpened, like 
a wedge, and made of hardened steel, so as mucn aa poan- 
ble to avoid friction. 

297. A dish is suspended by Fig* 45. 
cords to each end or arm of the QX 
lever, for the purpose of hold- Q I 
ing the articles to be weighed, i* * -^ 
When the whole is suspended ^ (g, 
.at the point a, fig. 45, the beam 
or lever ought to remain in a 
horizontal position, one of its 






endi^ being exactly as high as the other. If the weiglitt in 

What is the rule for finding the proportioiis between the wei^ and 
] ewerl Give an illustration of this rule. What instruments operate 
9n the principle of this lever 1 When the scissors are used, what it 
the resistance, and what the power 1 In the common sflwe-beam 
where is the fulcrum 1 In what position ought the Mde-boNn 4o 
aangi 
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the two dishes are equal, anddie aappnt mMmcAf iilllr«i 
tie, they will always han^ at ref^reaenled is die igon; 

298I-* A very sliffht vanatiMi of the poim of anqipoit W 
wards one end of me lever, will miike a diffiureiicr m the 
weights employed to balance each other. In weighing i 
pound of sugar, with a scale beam of eight Inches long, i 
the point of support is half an inch too near the weight, die 
buyer would be cheated nearly one ounce* and conaequentlj 
nearly one pound in every siiteen j>ounda. This fhuil 
might instantljT be detected by changing the places of the 
sugar and weight, for then the di&rence would be quite 
material, since the su^r would then seem to want twice u 
much additional weight as it did really want 

299. The steelyard diflers from the balance, in having 
its support near one end, instead of in the middle, and alie 
in havmg the weights suspended by hooka, inatead of bcin| 
placed in a dish. 

300. If we suppose the beam 
to be 7 inches long, and the 
hook, c, fig. 46, to be one inch 
from the end, then the pound 
weight a, will reqoire an addi- 
tional pound at h, for every inch 
it is moved from it. This, how- 
ever, supposes that the bar will 
balance itself, before any weights are attached to k. 

In the kind of lever described, the weight to be laiaed ii 
on one side of the fulcrum, and the power on the other. 
Thus the fulcrum is between the power and the weight 

301. There is an- Fig. 47. 

other kind of lever, in P_ 
the use of which, the 
weight is placed be- 
tween the fulcrum and j^ £. 

the hand. In other 
words, the weight to be 
lifted, and the power by 
which it is moved, are 
on the same side of the 
prop. 

302. This arrangement is represented by ^g. 47, where 
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How may a fraudulent scale-beam be made 1 How may the 
be detected 1 How does the steel-yard differ from the balanost 
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w is the weight, I the lever, /the fulcrum, and p a pulley, 
over which a string is thrown, and a small weight suspend- 
ed, as the power. In the common use of a lever of the 
first kind, the force is gained by bearing down the long 
arm of the lever, which is called prying. In the se- 
cond kind, the force is gained by carrying the long arm in 
a contrary direction, or upward, and this is called lifting. 

303. Levers of the second kind are not so common as the 
first, but are frequently used for certain purposes. The 
oars of a boat are examples of the second kind. The water 
against which the blade of the oar pushes, is the fulcrum, 
the boat is the weight to be moved, and the hands of the 
man the power. 

304. Two men carrying a load between them on a pole, 
is also an example of this kind of lever. Each man acts as 
the power in moving the weight, and at the same time each 
becomes the fulcrum in respect to the other. 

If the weight happens to slide on the pole, the man tO' 
wards whom it goes, has to bear more of it in proportion as 
its distance from him is less than before. 

305. A load at a, fig. 48, is Fig. 48. 

borne equally by the two men, h a 

being equally distant from 
each other; but at b, three 
quarters of its weight' would 
be oti the man at that end, be- 
cause three quarters of the 
length of the lever would be on the side of the other maxt 

306. In the third, and last 
kind of lever, the weight is 
placed at one end, the ful- 
crum at the other end, and 
the power between them, or 
the hand is between the ful- x 
crum and the weight to be 
lifted. 

307. This is represented 
by fig. 49, where c is the 

In the first kind of lever, where is the fulcrum, in respect to tha 
weight and power ] In the second kind^ where is the fulcrum, in re- 
spect to the weight and power? What is th^ action of the first kind 
called 1 What is the action of the second kind called 1 Givo exam- 
ples of the second kind of lever. In rowingra boat, what is the flilcruin. 
what the weig^ht, and what the power 1 vVhat other illttStKaiom of 
thif prineiple u jriven 1 In the third kind of lever, when an the rt« 
fpaetivo plaoM or Um weight, power, and fiUcrum 1 
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4 is (he weight to be ni 



over the puUt^ b, ol 



SOS. This kind of Inei world to gnat iliilwiifciiii.w 
' athewei^ ItWdiMfai 



aiag A Udder from the gTotmd to the mftf i 
obliffed somelimca to make oso of tUi|B 
;reat oifiBculty of doiiu: it, IJliutratM the ■ 



the power matt be pnuei thui . „ 

leldoia used, except id cues where Telocity ud not fimeiB 

qaired. la r&iaior -'-'*-'----■ 

nouM, men are obi 
.ciple, and the greet 
ehanlcAl diBadvantage of this kind oT^lever. 

309. We have now described thne kinds of lerem^ 
we hope, have made the manner in ^rhick each t-i^ ak 
plain, by illvutrationa. But to make the difierenee Uw 
them st^l more obviout, and to avoid all confiudon, wa «9 
here compare them togciLer. 

310. In the liret kind, the weight,Aj^ restKanoe, vtatt 
■hart arm of the lerer, the power, or Mod, on the loudi| 
and the fulcrum between ibsm." In the sectmd nn^^ 
weight is between the fiilcrumi and the hatid, or poww; wi 
in the third kind the hand is between the fhlenm aai-jf 
weight 

Fig. 5 
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311. In fig. 50, the weight and hand both act downwuA; 
In 51, the weigh t and band act in contrary direclioiu, tb 

What JB the disadvanUge of tlui kind of lerer 7 Qiw an eza 
»r the UK of the third kincTof Unt. In what direction M •!>■ ■ 
WW weight ad, in the firat kind of lever 1 In what d(ntti« 
mtlWMoondkiiidl In what direction do they act in the tl 
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band upwards and the weight downwards, the weight being 
letween them. In 52, the hand and weight also act in con- 
trary directions, but the hand is between the fulcrum and 
the weight. 

312. Compound Lever. — When several simple levers are 
connected together, and act one upon the other, the machine 
is called a compound lever. In this machine, as each lever 
acts as an individual, and with a force equal to the action of 
the next lever upon it, the force is increased or diminished, 
and becomes greater or less, in proportion to the number or 
kind of levers employed. 

We will illustrate this kind of lever by a single example, 
but must refer the inquisitive student to more extended 
works for a full investigation of the subject. 

313. Fig. ~ " 

63, repre- 
sents a 
compound 
lever, con- 
sisting of 3 

simple le-(*)^ 
vers of the 
first kind. 

314. In calculating the force of this lever, the rule ap- 
plies, which has already been given for the simple lever, 
namely, the length of the long arm is to be multiplied by the 
moving power, and that of the short one, by the weight, or 
resistance. Let us appose, then, that the three levers in the 
figure are of the same length, the long arms being six 
inches, and the short ones, two inches long ; required, the 
weight which a moving power of 1 pound at a will balance 
at b. In the first place, 1 pound at a, would balance 3 
pounds at e, for the lever being 6 inches, and the power 1 
pound, 6X1=6, and the short one being 2 inches, 2X3=6. 
The long arm of the second lever V^ing also 6 inches, and 
moved with a power of 3 pounds, multiply the 3 by 6=18; 

L, and multiply the length of the short arm, being 2 inches, 

- by 9=18. These two products being equal, the power upon 
the long arm of the third lever, at d, would be 9 pounds. 

1 9 poun(isX6=54, and 27X2, is 54 ; so that one pound at a 

kn would balance 27 at b. 

I What is a compound lever 7 By what rule is the force of the com- 
i pound lever calculated 1 How many pounds weight will be raise d by 
r Ihree leven connected, of eight inches each, with the ftdcriim two 
f inches ftom the end, by a power of one pound 1 

7 
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The increaie of tomm ii thai dow; heetwa 
between the long and ihort annfli it only mm 8.t»4^ orindii 
proportione of 1, 8,'0. 

815. Now suppoee the long anns of these hTa«lifc,h< 1^ 
inches, and the ahoit ones 1 inch, and tW. naMtt^fl^ be 
sorprisingly different, for then 1 iKinnd^ -#4^11 tah^ 
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18 poan£ at e, and the second lever ^^jMt^^wmm pamm 
cf 18 pounds. This bemg mnlUplied Vj^m fcngdi ef the 
lever, 18X18=324 poands at d. ThetUid lever woaU Um 
be moved by a power of 324 pounds, whiAi innlti|died bj 18 
inches for the weiffht it woala raise, woald give 5888podDdi 
The compound lever is employed in the coailnictioD of 
wrijfking machtTies, and particularly in eases where gM 
weights are to be determined, h|jntuBt^ where other Qt* 
chines would be inrnnrnmrnf TpN}^ thnir ecqifcrint 

too much space. . • f T - 'V*' :* »■ . W 

■« Wheel' Ap A^d^gfeg* 

316. The mechanical poiirer«ae|t l»,,^|» lever m sm- 
piicity, is the tohed and qfle^ \K Wi lif^ver. much mon 
complex than the lever. It csnai^ lif two wmels^ one of 
which is larger than the other, but this snuU one paM 
through the larger, and hepce both have a c^ftmon ceani 
on which they turn. 

317. The manner in which 
this machine acts, will be un- 
derstood by ^g. 54. The large 
wheel a, on turning the ma- 
chine, will take up, or throw 
o^ as much more rope than 
the small wheel or axle b, as 
its circumference is greater. 
If we suppose the circumfer- 
ence of the large wheel to be 
four times that of the small 
one, then it will take up the 
rope four times as fast And 

because a is four times as large as h, 1 pound at d will bal 
ance 4 pounds at <j, on the opposite side. 

If the long arms of the levers be 18 inches, and the sliort one ov 
Inch, how much will a power of one pound balance 1 In whai ml^ 
chines is the compound lever employed 1 What advantae«a do ttal 
maehmes possess over others 1 what is the next simplo m#>«>l>>iU J 
powor to the lever 1 Dewsribe this machine 1 Enlaia tin 64. " Oa vte 
^nnciple does this maebiDe set 1 r -» -^ v«wi^ 
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318. The principle of this machine is that of the lever* 
will be apparent by an examination of fig. 55. 

319. This figure represents the ma- Fig. 65. 
chine endwise, so as to show in what 
manner that lever operates. The two 
weights hanging in opposition to each 
other, the one on the wheel at a, and 
the other on the axle at b, act in the ^ 
same manner as if they were connected 
by the horizontal lever a i, passing 
from one to the other, having the com- 
mon centre, c, as a fulcrum between 
them. ■*! 

320. The wheel and axle, therefore, LI 
acts like a constant succession of levers, 

the long arm being half the diameter of the wheel, and the 
short one half the diameter of the axle ; the common cen- 
tre of both being the fulcrum. The wheel and axle has, 
therefore, been called the perpetual lever. 

321. The great advantage of this mechanical arrange- 
ment is, that while a lever of the same power can raise a 
weight but a few inches at a time, and then only in a cer- 
toin direction, this machine exe]^ a continual force, and in 
any direction wanted. To change the direction, it is only 
necessary that the rope by which the weight is to be raiseo, 




should be carried in 
a line perpendicular 
to the axis of the ma- 
chine, to the place be- 
low which the weight 
lies, and there be let 

' fall over a pulley. 
322. Suppose the 
wheel and axle, fig. 
56, is erected in the 

- third story of a store 
house, with the axle 
over the scuttles, or 
doors throuofh the 



Fig. 56. 




In fi^. 55^ which is the fulcrum, and which the two arms of the lever ? 
What IS this machine called, in reference to the principle on which it 
acts 7 What is the great advanta^ of this machine over the lever and 
other mechanical powers 1 Describe fig. 56. and point out the manner 
in which weights can be raised by letdng fall a rope over the pqiUey. 
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Fig. 57. 



floors, so that q^oo^ls can be raised by it from the gronnd 
floor, ill tlic (lirirtioii of the weight a. Suppose, also, that 
till' saiTu- siort' stands on a wharf, where ships come up to 
its sill", :inl i^utxls an; to bt? removed from the vessels into 
the ii}i{)cr ^torifs. Instfvul of removing' the goods into the 
Morr, an<l lioi>tin(r tln'in iii the direction of a, it is onlyiie- 
ii'ssary t » ••arry the ropr A, over the pulley c, which is at 
the «-u!l of a Mroirj heaiu projecting' out from the side ofth'! 
store, aii'l then the ijouds will be raised in the direction of a, 
tht]:s saviii'^r the labour of moving them twice. 

The wht'el :iiid axle, imiier different forms, is applied toa 
varjt'ty of eoiiimon purposes. 

oi^v The r/ipsttiff, in universal 
use, (>ii board of shi]>3 and other 
voxels, is an axle placed upright, 
v.ith a htafl, or drum, n, fig. 57, 
pi«'rci d with holes, for the levers 
h, '■, //. The weight is drawn by 
the rupo <•, passing two or three 
liiii.'s round the axle to prevent its' 
slipjiiiii^'. 

This is a V ry powerful and 
.'onvt iiiiMit maol ine. When not in use, the levers are taken 
out of iheir places and laid aside, and when great force is 
pMjuirMl, two or three men can i)ush at each lever. 

!V24. The r^y//n//.^/i /riW/rt.s-.s" for drawing water, is another 
modification of the wheel and axle. The winch, or craiik 
by which it is turned, is moved around by the hand, and 
there is no dilHirence in "~ 

the principle, whether 
u whole wheel is turn- 
ed, or a sinfjle spoke. 
The winch, therefore, 
answers to the wheel, ^ 
while the rope is taken 
up, and I he weight rais- 
ed by i\\o axle, as al- 
ready described. 

325. In cases where 




Fig. 



58. 
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great w^iofhts arc to be raised, and it is required that the 
machine should be as small as possible, on account of room, 

What, is the capstan 1 Where is it chiefly used 1 What are the pe. 
culiar ndvantagcs of this form of the wheel' and axlel In the com. 
men windlass, what part answers to the wheel ? Explain fig. 58. 
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rhe simple wheel and axle, modified as represented by fig. 
58, IS sometimes used. 

326. The axle may be considered in two parts, one of 
which is larger than the other. The rope is attached by 
its two ends, to the ends of the axle, as seen in the figure. 
The weight to be raised is attached to a small pulley, or 
wheel, round which the rope passes. The elevation of the 
weight may be thus described. Upon turning the axle, the 
rope is coiled round the larger part, and at the same time it 
is thrown off the smaller part. At every revolution, there- 
fore, a portion of the rope will be drawn up, equal to the 
circumference of the thicker part, and at the same time a 
portion, equal to that of the thinner part, will be let down. 
On the whole, then, one revolution .of the machine will 
shorten the rope where the weight is suspended, just as 
much as the difference between the circumference of the 
two parts. 

327. Now, to understand the principle on Fig. 59. 
which this machine acts, we must refer to 
fig. 59, where it is obvious that the two 
parts of the rope a and b, equally support, 
the weight d, and thtat the rope, as the ma- 
chine turns, passes from the small part of 
the axle e, to the large part A, consequently, 
fhe weight does not rise in a perpendicular 
line towards c, the centre of both, but in a 
line between the outsides of the large and 
small parts. Let us consider what would 
be the consequence of changing the rope a 
to the larger part of the axle, so as to place 
the weight in a line perpendicular to the 
axis of motion. In this case, it is obvious that the machine 
would be in equilibrium, since the weight d would be di- 
vided between the two sides equally, and the two arms of a 
lever passing through the centre c, would be of equal length, 
and therefore no advantage would be gained. But in the- 
rtctual arrangement, the weig^ht being sustained equally by 

1^« large and small parts, there is involved a lever power, 
. e long arm of which is equal to half the diameter of the 

Why is the rope shortened, and the weight raised 1 What is the do- 
sign of fig. 59 7 Does the weight rise perpendicular to the alis of mo- 
tion? Suppose the cylinder was, throughout, of the same size, whsi 
would be tne consequence 1 On what pnnciple does this machine act^l 
Whieh are the long afid short arms of the leyer, and whtore is the n 
framl 
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lar^e part, wliilo the short arm is equal to half the diamrter 
of ilu* siiiJill pari, ihf* fulcrum bt-in^j between them. 

;Vi*^. Si/sft'tn of Whreh. — As the wheel and axle is odI? 
a iiuwlilu-sition of tiu» simple lever, so a system of wheels 
nrtiiii; on viwh other, unci transmitting the power to the r^ 
!4i;itaiuM\ is only another form of the compound lever. 

:\'2\). Such:icombi- Fi^.60. • 

nation is sliown in f\f*. 
60. The first wheel, 
rt, by mi*ans of the 
tt»elh, or co£i:s, around 
its a\l»», moves the se- 
cond wheel, h, with a 
force equal to that of 
a lever, the lonj^ arm 
of which extends from 
the centre of the wheel 
and axle to the cir- 
cumference of the 
wheel, where the pow- 
er p is suspended, and the short arm from the same centre 
to the ends of the cogs. The dotted line c, passing througli 
the centre of the wheel a, shows the position of the lever, 
as the wheel now stands. The centre on >vhich boib 
wheels turn, it will be obvious, is the fulcrum of this lever 
As the wheel turns, the short arm of this lever will act upon 
the lon<»- arm of the next lever by means of the teeth on the 
circumference of the wheel ^ and this again through the 
teeth on the axle of b, will transmit its force to the circuip 
ferenco of the wheel d, and so by the short arm of the thinl 
lever to the weight w. As the power or small weight falls 
ther«'fore, the resistance, tr, is raised, with the multiplici) 
force of three levers, acting on each other. 

330. In respect to the force to be gained hy such a ma 
chin(s suppose the number of teeth on the axle of the wheel 
a, to be six times less than the number of those on the cir- 
cumferenrc of the wheel b, then b would only turn roand 
once, while a turned six times. And, in like manner, ii 
the number of teeth on the circumference of d, be six times 
greater than those on the axle of b, then d would turn once, 




^n whnt principlf! does a system of wheels act, as represented in fig- 
G0 1 Explain fi«^^ (iO, and show how the power p is transferred by t& 
action of levers to w. 
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wtiWe h turned six times. Thus, six revoiUtions of a would 
make b revolve once, and six revolutions of b would make 
d revolve once. Therefore, a makes thirty-six revolutions 
while d makes only one. 

331. The diameter of the wheel a, being three times the 
diameter of the axle of the wheel d, and its velocity of mo- 
tion being 36 to 1, 3 times 36 will give the weight which 
a power of 1 pound at p would raise at w. Thus 36X3=108. 
One pound at p would therefore balance ' CJS pounds at w. 

332. No machine creates force, — If the student has attend- 
ed closely to what has been said on mechanics, he will now 
be prepared to understand, tha^io machine, however simple 
or complex it may be, can create the least degree of force. 
It is true, that one man with a machine, may apply a force 
which a hundred could not exert with their hands, but then 
it would take him a hundred times as long. 

333. Suppose there are twenty blocks of stone to be moved 
a hundred feet; perhaps twenty men, by taking each a 
block, would move them all in a minute. One man, with a 
capstan, we will suppose, may move them all at once, but 
this man, with his lever, would have to make one revolution 
for every foot he drew the whole load towards him, and 
therefore to make one hundred revolutions to perform the 
whole work. It would also take him twenty times as lonff 
to do it, as it took the twenty men. His task, indeed, would 
be more than twenty times harder than that performed by 
the twenty men, for, in addition to moving the stone, ho 
would have the friction of the machinery to overcome, which 
commonly amounts to nearly one third of the force em- 
ployed. 

334. Hence there would be an actual loss of power by 
the use of the capstan, though it might be a convenience for 
the one man to do his work by its means, rather than to 
call in nineteen of his neighbours to assist him. 

335. The same principle holds good in respect to other 
machinery, where the strength of man is employed as the 
power, or prime mover. There is no advantage gained, 
except that of convenience. In the use of the most simple 
of all machinQB, the lever, and where, at the same time, there 



What weieht will one pound at p balance biv)'\ Is there any actual 
power gained by the use of machinery 7 Suppose 20 men to move 2D 
■tones to a certain distance with their hands, and one man moves 
them back to the same place with a capstan, which performs the most 
actual labovr 1 Why 1 Why, then, is maohinery a coBvenienco 1 
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8 the least force loet by frietioD, there iew> mdtaal gain cf 
power, for what seems to be gained in fime is nlwi^ loUt 
in Telocity. Thus, if a lever ii of such lenflth to laise 100 
pounds an inch bv the power of one yofUia, its long arm 
must pass througn a space of 100 inSkll. Thni^ what is 
gainea in one way is lost in another. . \ 

336. Any power by which a madhihft is'inoTed, most be 
equal to the resistance to be overcq^tte, imd, is all cases 
where tha power descends, there will bo a proportion be- 
tween the velocity with which it moves downwaxda, and the 
velocity with which the weight moves apwuda. There 
will be no difierence in thiueqiect, whether the machine be 
simple or compound, for if itsTorce be increased by increasing 
the number of levers, or wheels, the velocity of the moving 
power must also be increased, as that of the reaiatance it 
diminished. 

337. Therebeinfif, then, always a proportion, between the 
velocity with which the moving force deseenda, i^ that 
with which the weight 'ascends, whatever this proportion 
may be, it is necessary that the power should have to the 
resistance the same ratio that the velocity of the resisCanee 
has to the velocity of the power. In other worda, ** T%i 
power multiplied by the space through ichick ii moves^ in 
a vertical directioji, mttst be equal to the weight mulHpUei 
by the ipace through which it moves in a vertical direc- 



tion.'^ 



338. This law is known under the name of "the law of 
virtual velocities," and is considered the golden rule of 
mechanics. 

339. This principle has already been explained, while 
treating of the lever (292) ; but that the student should want 
nothing to assist him in clearly comprehending so import- 
ant a law, we will again illustrate it in a different m&mer. 

.340. Suppose the weight of ten pounds to be |aspended 
on ^c short arm of the lever, fig. 61, and that the fol- 
crum is only one inch from the weight ; then;; if the le- 

In the use of the lever, what proportion is there between the fima 
of the short arm, and the velocity of the long arm 1 ^.How is this fOn^ 
trated 1 It is said, that the Telocity of the power downwards, most 
be in proportion to tnat of the weight upwards 1 Does it make any diA 
ference^ in this respect, whether the machine be simple or compoiUMi 1 
What 18 the golden rule of mechanics % Under what name is tais law 
mown 1 ■ -^ 
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Fig. 61. 



ver be ten inches long, on the other side 
of the fulcrum, one pound at a would raise, 
or balance, the ten pounds at h. But 
raising the ten pounds one inch in a ver- 
tical direction, the long arm of the lever 
must fall ten inches in a vertical direction, 
and therefore the velocity of a would be 
ten times the velocity of b. 

341. The application of this law, or 
rule, is apparent. The power is one pound, and the space 
through which it falls is ten inches, therefore 10X1=10, 
The weight is 10 pounds, and^the space through which it 
rises is one inch, therefore 1X10=10. 

342. Thus, the power, multiplied by the space through 
which it moves, is exactly equal to the weignt, multiplied 
by the space through which it moves. 



ise, ^^* 

O. ^ 



Fig. 62. 



343. Again, suppose the 
lever, fig. 62, to be thirty 
inches long from the ful- 
crum to the point where 
the power ^ is suspended, 
and that the weight w is 
two inches from the ful- 
crum. If the power be 1 
pound, the weight must be 
15 pounds, to produce equi- 
librium, and the power p 
must &11 thirty inches, to 
raise the weight w 2 inch- 
es. Therefore the power 
being one pound, and the space 30 inches, 30X1=30. The 
weight being 15 pounds, and the space 2 inches, 15X2=30. 

Thus, the power, multiplied by the space through which 
it falls, and the weight multiplied by the space through 
nvhich it rises, are equal. 

However complex the machine may be, by which the 
force of a descending power is transmitted to the weight to 
be raised, the same rule will apply, as it does to the action 
of the simple lever. 




Explain fig. 61, and show how the rule is illnitrated by that figure. 
Explain fi£. 62, and show how the same rule is illustrated by it. Whitl 
>■ said of toe application of this rule to complex nuMhinesI 
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M4. A pulU^t^ coniitls of a whad. wUeh li mtooiwfd ck 
the edge, and which ii made to tam on ila aam vj « ehofi 

passing over it 

345. Fiff. 63 ra^resents a rimfU 
pulley, with a single fixed wheel In 
other forms of the machine, the wheel 
moves up and down, with the weight 

346. The pulley is arranged among- 
the simple mechanical powers; hot 
when several are connected, the ma* 
chine is called a system ofjpuUeys^ or 
a compound pulley, 

347. One of the most obvious ad< 
vantages of the pulley is, its enabling 
men to exert their own power, in places where thej cannot 
go themselves. Thus, bv means of a rope and whesl, • 
man can stand on the decK of a ship, and noist a weight to 
the topmast. 

By means of two fixed pulleys, a weight may be nisei 
upward, while the power moves in a horixontnl diredioa. 
The weight will also rise vertically through tliaaaynespaee 
that the rope is drawn horizontally. 

348. Fig. 64 represents 




Flg.M. 
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two fixed pulleys, as they are 

arranged for such a purpose. ai r\ ««" 

In the erection of a lofty edi- 
fice, suppose the upper pulley 
to be suspended to some part 
of the building ; then a horse, 
pulling at the rope a, would 
raise the weight w vertically, 
as far as he went horisqih 
tally. ^ 

349. In the use of the 
toheel of the pulley, there is 
no mechanical advantage, except that which ariaap from re- 
moving the fnction, and diminishing the imperf^ flexibi* 
ity of the rope. 

What is a pulley 1 What is a simple pulley ^ What is a aritaii 
of pulleys, or a compound pulley 1 Wnat is the most ohvimu wStwwit 
tage of the pulley 1 How must two fixed poUejrs be placed to noM a , 
weight yerticaliy. as far as the power coes horizoiitaOy 1 'Wliilir^ 
he advanta^ or the wheel of the pulley f 



^ 
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350. fa the mechanical efiects of this machiae, the result 
would be the same, did it slide on a smooth surface with the 
same ease that its motion makes the wheel revolve. 

351. The action of the pulley is on a different principle ' 
from that of the wheel and axle, A system of wheels, fl 



already explained, acts on thi 
ciple OS the compound lever. But the 
mechanical efficacy of a system of pul' 
leys, is derived entirely from the division 
of the weight aroons the strings employed 
in suspending it. In the use of the single 
jizti pulley, the^e can be no mechanical 
advantage, since the weight rises 
the power descends. This is oh 
fig. 63 ; where it is also apparent that the 
power and weight must be exactly equi ' 
to balance each other. 

352. In the single movtabh pulley, fij,- . 
the same rope passes from the fixed point 



Fig. C5. 




to the 



power p. 



ivident here, that thi 



weight 13 supported equally by the 

'- of the string between whrch it hangs. There- 
fore, if we call the weight w ten pounds, five 

■ pounds will be supported by one string, and 
five by the other. The power, then, will sup- 

" port twice its osvn weight, so that a person 
pulling with n force of five pounds at p. will 
raise ten pounds at w. The mechanical force, 

. therefore, in respect to the power, is as two to 
one. 

In this ejcam pie, it issupposedthereareonly 
two ropes, each of which bears an equal part 
of the weight. 

353. If the numher of ropes be increased, 
the weight may he increased with the same 
power ; or the power may be diminished in 
proportion as the numher of ropes is increas- 
ed. In fig. 66, the number of ropea sustain- 
ing the weight is four, and therefore, the 
weight may be four timesas great as the power. 

How doe> the action of the pulley differ from that of ihc wheel and 
axle 1 Is there any mechanical advantage io the fixed pulley 1 Whet 
weight at j>, Gg. 65, vill balance ten poundi at » 1 Suppose the num- 
ber of ropes be increand, and the weight increuad, miut tha poww ba 




bar of ropea t 



Tbii principle miut be svidflD!, aiiiu b-itpIunlluteKk 
Tope austaiaa an equ&l part of the weigltt, Vbe- wei|^ 
mar therefore be CDDsidered as divided into fom pui^ wad 
eacn part suaCamed by one lope. 

354. In fig. 67, there is a tyatem of pallfljrR i 
in which the weight is lizteea timet the power. 

355. The tenaioD of the Tope Fig. 67. 
d, e, is evidently equal to the v_ - ■= 
power, p, because it anataios it: ^' 
d, being a moveable putlsy, must 
austaia a wei(fht equal to twice 
the power ; but the weight which 
it sustains, is the tension of the 
sijcond rope, d, e. Hence the teu- 
aion of the second rope is twice 
that of the first, and, in like 
manner, the tension of the third 
rOpe is twice that of the second, 
and so on, the weight beinff equal 
to twice the tension of the laat 
lopc. 

356. Suppose the weig:ht w, to 
bo sixteen Dounda. then the two 
ropes, 8 and 6, would sustain 
just 8 pounds each, this b«ing g 
the whole weight divided eqoally 
between them. The neit two 
ropes, 4 and 4, would evidently 

sustain but half this whole 

weight, because the other half is already BuMQined by a 
rope, ii.vcd at its upper end. The next two ropes anaUia 
but half of 4, for the same Knson ; and the next pair, 1 and 
1, fur the same reason, will sustain only half of 3. Lastly, 
the power p, will balance two pounds, because it suetainf 
but half this weight, the other half being sustained by the 
same rope, iixed at its upper end, 

357. It is evident, that in this system, each rope and pal- 
ley which is added, will double the effect of the whole. 
Thus, by adding another rope a nd pulley beyond 8. lh» 

Suppose the weight, Gg. 66, ta be 33 pounds, what will each n>p« 
bear I Explain Eg. 67, and show what part of the weight each M^ 
sustains, and why 1 pound blp will balance 16 poanda at te. Kzplou 
the reason why each additional rope aaA pulle]' will donble theefliM 
of the whole, or why its weigbt may b« ihnlblf bf that of all the o(b«% 
with th« sane power. ' '' -'4k '•' 
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weight w might be 32 pounds, instead of 16, and still be 
balanced by the same power. 

358. In our calculations of the effects of pulleys, we have 
allowed nothing for the weight of the pulleys themselves, or 
for the friction of the ropes. In practice, however, it will 
be found, that nearly one third must be allowed for friction, 
and that the power, therefore, to actually raise the weight, 
must be about one third greater than -has been allowed. 

359. The pulley, like other machines, obeys the laws of 
virtual velocities, already applied to the lever and wheel. 
Thus, " in a system of pulleys, the ascent of the weight, or re- 
sistance, is as much less than the descent of the power, as the 
weight is greater than the powerP If, as in the last example, 
the weight is 16 pounds, and the power 1 pound, tb*> weight 
will rise only one foot, while the power descends 16 feet. 

360. In the single fixed pulley, the weight and power arc 
equal, and, consequently, the weight rises as fast as the 
power descends. 

361. With such a pulley, a man may raise himself up to 
the mast head by his own weight. Suppose a rope is thrown 
over a pulley, and a man ties one end of it round his body, 
and takes the other end in his hands ; he may raise himself 
up, because, by pulling with his hands, he has the power 
of throwing more of his weight on that side than on the 
other, and when he does this his body will rise. Thus, al- 
though the power and the weight are the si*ine individual, 
still the man can change his centre of gravity, so as to make 
the power greater than the weight, or the weight greater 
than the power, and thus can elevate one half his weight in 
succession. 

The Inclined Plane. 

362. The fourth simple me- Fig. 68. 
chanical power is the inclined, 
plane. 

This power consists of a plain, 
smooth surface, which is inclined 
towards, or from the earth. It is 
represented by fig. 68, where J) 
from a tO 3 is the inclined plane ; 
the line from d to a, is its height, 
and that from h to d, its base. 

In compound machines, how much of the power must be allowed foi 
tl»e friction 1 How may a man raise himself up bv meani of a rope 
and single fixed pulley ^ What is an mclined plane 1 

8 
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A board, with one end on the ffround, and fhe other end 
\|{C8ticg on a block, becomes an incliDed plane. 

363. This machine, being both usenil and easily con- 
structed, is in very general use, especially where heavy 
bodies are to be raised only to a small height Thus a man, 
by means of an inclined plane, which he can readily con- 
struct with a board, or couple of bars, can raise a load into 
his wagon, which ten men could not lift with their hands. 

364. The power required to force a giren weight up an 
inclined plane, is in a certain proportion to its height, an(i 
the length of its base, or, in other wordstjihelbrce must be 
in proportion to the rapidity of its inclinatidnl 

365. The power o, Pig. 09. 
fig, 69, pulling a weight 
up the inclined plane, 
from c to d, only raises 
it in a perpendicular di- 
rection from e to d, by 
acting along the whole 
length of the plane. If 
the plane be twice as 
long as it is high, that is, if the line from a to J he icniX 
the length of that from e to d, then one pound at jp will btfi- 
aace two pounds any where between d and e. It ia evideiil, 
by a glance at this ^gure, that were the ba&e, that is, the line 
from e to c, lengthened, the height from e lo £i being the aame^ 
that a less power at p, would balance an equal weight any 
where on the inclined plane ; and so, on the contrary, were 
the base made shorter, that is, the plane more steep, the 
power must bo increased in propOTiion. 

366. Suppose two inclined Fig. 70. 

)lanes, fig. 70, of the same 

leight, with bases of differ- 
ent lengths ; then the weight 
and power will be to each 
other as the length of the 
planes. If the length from U 
a to h, is two feet, and that 




t 

he 




On what occasions is this power chiefly used 1 Suppose a 
wants to load a barrel of cider into his waejon, how does he make as 
inclined plane for this purpose 1 To roll a given weight up an inclined 
plane, to what must the force be proportioned 1 Explain fig. 69. If the 
length of the long plane, fig. 70, be double that of the short one, wh«t 
must be the proportion between iVv^ t)o\««t MA\)Ra^^\^\ 
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from b to c, one foot, then two pounds at d will balance four 
pounds at w, and so*in this proportion, whether the planei 
DO longer or shorter. 

367. The same principle, with respect to the vertical ve- 
locities of the weight and powers* applies to the inclined 
plane, in common with the other mechanical powera 

Suppose the inclined plane, Fig. 71. 

fig. 71, to be two feet from a to 
b, and one foot from c to b, then, 
as we have already seen by fig. 
69, a power of one pound at p, 
would balance a weight of two 
pounds at to. Now, in the Ml 
of the power to draw up the 
weight, it is obvious that its ver- 
tical descent must be just twibe 
the vertical ascent of the weight ; 
for the power must fall down the distance from a to 6, to 
draw the weight that distance ; but the vertical height to 
which the weight w is raised, is only from c to b. Thus 
the power, being two pounds, must &11 two feet, to raise tha^g^ 
weight, four pounds, one foot; and thus the power ano^f^ 
weight, multiplied by the several velocities, are equal. 

368. When the power of an inclined plane is considered 
as a machine, it must therefore be estimated by the proportion 
which the length bears to the height ; the power being in- 
creased- in proportion as tH^ elevation of the plain is dimin- 
lAed. 

Hilly roads maybe regarded as inclined planes, and loads 
drawn upon them in carriages, considered in reference to 
the powers which impel them, and subject to all the con- 
ditions which we have stated, with respect to inclined planes. 

369. The power required to draw a load up a hill, is in 
proportion to the length and elevation of the inclined plane. 
Da a road, perfectly horizontal, if the power is sufficient to 
overcome tne friction, and the resistance of the atmosphere, 
the carriage will move. But if the road rise one foot in 
fifia^i, besides these impediments, the moving power will 

^- htLiB to lift <me fifteenth part of the load. 

£". . 870. If two roads rise, one at the rate of a foot in fifteen 
feetp and another at the rate of a foot in twenty, then the 
» , ■ ■ »■ 

I , .' What 18 said of the application of the law of yectvoal ^^oeltiM ^ 

\t.' As iadiaad /xkoe 7 Explam Us. 71, and show ^\i7 \)Ida 'go'^w 

: / . Aff Arte «f Ar a« t&e weigk nses. 
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mn« power that would moTe a giren might fiftean ftet at 
the one, would move it twenty feet on the other, in the mim 
time. 

In the btuldinff of road*, therefore, both ipeed Had pown 
are very often sacii£ced to want of judgment, or ignoiaoe* 
of these laws. 

371. A road, as every travellei Icnowa, is often continned 
directly over a hill, when half the power, with the increaia 
of speed, on a level road arotind it, would gain the aBine dis- 
tance ID half (he time. 

Besides, where is there a section of countir in which the 
traveller ia not vexed with roads, passiag Btralgfat oTcrhil]^ 
when precisely the same distance would carry him aronitd 
them on a level plane. To use a homely, but very pent 
nent illustration, " the bale of a pot is no longer, what il 
lie* down, than when it stan^ up." Had this simple bil 
been noticed, and its practical bearing carried into efiect bv 
road makers, many a high hill would have been ahnnnea 
for a circuit around its base, and many a poor hone, cootd ha 
speak, would thank the wisdom of such an invieBtion. 

Tbe Wxdob. 

372. The nert simple mechanical power is the vtdgt, 
This instrument may be considered as two inclined planei^ 
placed base to base. It is much employed for the purpose 
of splitting or dividing solid bodies, such as wood ' ' 

Fig. 72 represents such a wedge as is usually 
employed to cleaving limber. This instrnment 
is also used in raising ships, and preparing them 
to launch, and for a variety of other purposes. 
Nails, awls, needles, and many cutting instra- 
ments, act on the principle of this machine. 

There is mucn difficulty in estimating the 
power of the wedge, since this depends on the 
Jbrce, or the number of blows given it, together 
with the obliquity of its sides. A wedge of 
great obliquity would require hard blows to 
drive it forward, for the same rCason that a plane, 
much inclined, requires much force to roll a 
heavy body up il. But were tbe obliquity of the 
wedge, and (he force of each blow given, still it would.lM' 

1 In what case i* this paw«r 
nenta act on the principle of tha salgi^ 
nating tlie pover of tM wadne 1 



What difficullv is ihere ir 



ditfii-uit 10 ascertain (he exact power of the wedge in orJi* 
aary casea, for, in the splitting of timber and stone, for ia- 
atance, the divided parts act as levers, and thus greatly in 
crease the power of the wedge. Thus, in a log of wood, 
six feel long, when split one half of its length, the other half 
IS divided with ease, because the two parts act as levers, the 
lengths of which constantly increase, aa the cleft extends 
from the wedge. 

The Screw. 

373. The Sirew is the fifih and last simple mechanical 
power. Il may be considered as a modificalion of the in- 
clined plane, or as a winding wedge. It is an iaclined 
plane ninninc' spir.illv round a P^s- T3. 
spindle, as will be seen'by fig. 73. 
Suppose a to be a piece of paper, 
cut into the form of an inclined 
plane, and rolled round the piece 
of wood d ; its edge would form 
the spiral line, called the thread 
of the screw. 

If [he finger be placed between 
the two threads of a screw, and the screw be turned round 
once, the finger will be raised upward equal to the distaacu 
of the two threads apart. In (bis manner, (he finger is 
raised up the inclined plane, as it runs round the cylinder 

374. The power of the screw is 
transmitted and empl9yed by means 
of another screw called the mit, c 
through which it passes. This has 
a spiral groove running through it, 
which exactly fits the thread of the 

375. If (he nut is fixed, the screw 
itselij on turning it round, advances 
forward ; but if the screw is fixed, 
the nut, when tumed^ advances 
along the screw. 

Fig. 74 represents (he first kind 
oficrew, being such as is commonly 
med in pressing paper, ai ' ' ' 



Fig. 74. 



substances. The nut, n, 



On what principle does the screw act! How ia il mhown ibnt th* 
■onwiiaioadlficalioaofthemclinEdplsiiel Explun ng. 71. Wlileb 
H Uw sonw, and which the nut1 
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through which the screw passes, answers also for one of the 
beams of the press. If the screw be turned to the right, it 
will advance downwards, >yhile the nut stands stiii 

370. A screw of the second 
kind is reprtisented by fig. 75. 
In this, the screw is fixed, while 
the nut, 7/, by beinjf turned by the 
lever, /, from right to left, will 
advance down the screw. 

377. In practice, the screw is 
never used as a simple mechani- 
cal machine; the power being al- 
ways applied by means of a lever, 
passinjj^ throufrh the head of the 
scrrw, as in lip-. 74, or into the 
nut, as in fig. 75. 

The screw, therefore, acts with 
the combined power of the inclined plane and the lever, and 
its forc«' is such as to be limited only by the strength of the 
materials of which it is made. 

37S. In investigating the effects of this machine, we must, 
therefore, take into account both these simple mechanical 
powers, so that the screw now becomes really a compound 
engine. 

379. In the inclined plane, we have already seen, thai 
the less it is inclined, the more easy is the ascent np it. In 
applying the same principle to the screw, it is obvious, that 
the greater the distance of the threacja from each other, the 
more rapid the inclination, and, consequently, the greatei 
must be the power to turn it, under a given weight On the 
contrary, if the thread inclines downwards but slightly, ii 
will turn with less power, for the same reason that a man 
can roll a heavy weight up a plane but little inclined. 
Therefore, the finer the screw, or the nearer the threads to 
each other, the greater Avill be the pressure under a given 
pow(?r. 

380. Let us suppose two screws, the one having the 

Which way must the screw be turnrd, to make it advance throngh 
the nut 1 How docs the screw, fio^. 75, differ from fig. 74 1' }b the screw 
ever used as a simple machine 1 By what other simple power is it 
moved 1 What two simple mechanical powers are coneerned in the 
force of the screw 1 Why docs the nearness of the threads make a dif- 
ference in the force of the screw 7 Suppose one screw, with its thre^ 
one inch apart, and anotlier half an inch apart^ what will be their dif- 
ference in fyrec 1 
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threads one inch apart, and the other half an in^h apart; 
then the force which the first screw will give with the 
same power at the lever will be only half that given by the 
second. The second screw must be turned twice as many 
times round as the first, to go through the same space, but 
what is lost in velocity is gained in power. At the lever of 
the firs*,, two men would raise a given weight to a given 
height by making one revolution ; while at the lever of the 
second, one man would raise the same weight to the same 
height, by making two revolutions. 

381. It is apparent that the length of the inclined plane, 
up which a body moves in one revolution, is the circumfer- 
ence of the screw, and its height, the interval between the 
threads. The proportion of its power would therefore be 
" as the circumference of the screw, to the distance between 
the threads, so is the weight to the power." 

382. By this rule the power of the screw alone can be 
found ; but as this machine is moved by means of the lever, 
we muJt estimate its force by the combined power of both. 
In this case, the circumferei/xj described by the end of the 
lever employed, is taken, inbtead of the circumference of the 
screw itself. The means by which the force of the screw 
may be found, is therefore by multiplying the circumference 
which the lever describes by the power. Thus, **the 
power multiplied by the circumference which it describes^ is 
equal to the weight or resistance, multiplied by the distance 
between the two contiguous threads.^'' Hence the efficacy 
of the screw may be increased, by increasing the length of 
the lever by which it is turned, or by diminishing the dis- 
tance between the threads. If, then, we know the length of 
the lever, the distance between the threads, and the weight 
to be raised, we can readily calculate the power ; or, the 

flower being given, and the distance of the threads and the 
ength of the lever known, we can estimate the weight 
the screw will raise. 

383. Thus, suppose the length of the lever to be forty 
inches, the distance of the threads one inch, and the weight 
8000 pounds ; required, the power, at the end of the lever, to 
raise the weight. 

What is the length of the inclined plane up which a body moves by 
one revolution of the screw 1 What would be the height to which tne 
same body would move at one revolution 1 How is the force of this 
•crew estimated 1 How may the efficacy of t\i« icrav >Rft \sm»imk^\ 
The leo^ of the lerar, the distancA bdween t\)A l^omVft^ «&i\^ ^^ 
wwghi being known, how can the power be tomd.'V 
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384. The lever beings 40 inches, the diameter of the ci^ 
cle, which the onJ describes, is 80 inches. The circumler- 
ence is a little more than three times the diameter, but we 
will call it just ihrc«; times. Then, 80X3*=240 inches, the 
circuinferenoe of the circle. The distance of the threads is 
1 inch, and tht; weiq^ht 8000 pounds. To find the povrer, 
multiply the weiiifht by the distance of the threads, anddi* 
vide bv the circumference of the circle. Thus, 

circum. in. weight. power. 

2i0 X 1 : : 8U00 = 33i 

'Vhv ])()w«'r at the end of the lever must therefore be 33J 
pounds. In practice this power woul'd require to be in- 
creased about ouf third, on account of friction. 

381. Perpetual Srreir. — The force of the screw is some- 
times employed to turn a wheel, by acting on its teeth. In 
this cas«' it is called the perpctval screw. 

*S^C). Fiir. 7<) re J) resents such Fig. 76. 

a machine. It is apparent, that ^ » ^ 

by turniniifthe crank r, the wheel 

will revolve, for the thread of the 

screw ])ass(^s between the t^gs 

of the wheel. By means of an 

axle, through the centre of this 

wheel, like the common wheel 

and axh', this becomes an ex- 

ceedinofly powerful machine, but 

like all other contrivances for ob- 

tainino- areat power, its effective 

motion is exceedincrly slow. It 

has, however, some disadvantatJ^es, and partteularly the great 

friction between the thread of the screw and the teeth of the 

'wheel, which prevents it from being generally employed to 

raise w^eitrhts. 

387. A/I these Mechanical Powers revived into three." 
Wo have now enumerated and described all the mechanical 
powers usually denominate^d simple. Tbey a'-e five in num- 
ber, namely, the Lever, Wheel and Axle. Pulley, Wedge, 
Inclined Plane, and Screw. 

388. In rerpect to the principle on which they act, they 
may be resolved in^o three simple powers, namely, the lever, 
the inclined plane, and the pulley; for it has been shown 

Give an example. What is the screw called when it is employed 
to turn a wheell What is the object of this machine for raisin; 
weights 1 How man/ simple mechanical powers are there 1 and what 
are they called 1 How can they be resolvod into three simole powen^ 
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ibid the wheel and axle is only another form of the lever, 
and that the screw is but a modification of the inclined plane. 

389. it is surprising, indeed, that these simple powers 
can be so arranged and modified, as to produce the dififerent 
actions in all that vast variety of intricate machinery which 
men have invented and constructed. 

390. The variety of motions we witness in the little en- 
gine which makes cards, by being supplied with wire for 
the teeth, and strips of leather to stick them through, would 
itself seem to involve more mechanical powers than those 
enumerated. This engine takes the wire from a reel, bends 
it into the form of teeth; cuts it ofiT; makes two holes in the 
leather for the tooth to pass through ; sticks it through ; 
then gives it another bend, on the opposite side of the leather ; 
graduates the spaces between the rows of teeth, and between 
one tooth and another ; and, at tho same time, carries the 
leather backwards and forwards, before the point where the 
teeth are introduced, with a motion so exactly correspond- 
ing with the motions of the parts which make and stick the 
teeth, as not to produce the difference of a hair's breadth in 
the distance between them. 

391. All this is done without the aid of human hands, 
any farther than to put the leather in its place, and turn a 
icrank ; or, in some instances, many of these machines are 

&■ turned at once, by means of three or four dogs, walking on 
p an inclined plane which revolves. 

392. Such a machine displays the wonderful ingenuity 
and perseverance of man, and at first sight would seem to . 
set at nought the idea that the lever and wh'^el were the r 
chief simple powers concerned in its motions. But when 
these motions are examined singly and deliberately, we arc 
soon convinced that the wheel, variously modified, is the 
principal mechanical power in the whole engine. 

393. Use of Machinery. — It has already been stated, (332) 
that notwithstanding the vast deal of time and ingenuity 
which men have spent on the construction of machinery, 
and in attempting to multiply their powers, there has, as 
yet, been none produced, in which the power was not ob- 
tained at the expense of velocity, or velocity at the expense 
of, power; and, therefore, no actual force is ever generated 
by machinery. 

What is said of the card making machine 1 What are the chief 
mechanical powers concerned in its motions 7 Is there any actual foicd 

fenerated by machinery 1 Can great velocity and great fi>rr~ ' 
need by tlie same maohineryl Why not? 
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304. Snpposp a mnn able to raise a weight bymca&iod 
ronipninnl [•nll« y often ropes, which it would take ten em 
to r;ii>«'. l-y <»m»' r 'po, without pulloys. If the weight H 
to li. r:ii^«il :i y:tril, thr ten men by pulling their ropeavd 
will <!•> tlir Work. Hut the man with the pulleys mustinv 
h'\y r.«p. I 11 v:i:«ls to raise the weight one yard, and inwl' 
ili'lmi !i> this, In* has to overcome the friction of thetenpi- 
l<>y^. iiKilvin: ;i}>iiiit OIK* third more actual labour than wn 
nn'j|i\«'l |iv the ten men. But notwithstandinij these ifr 
ot.nvi iiifHii's, tlie use of machinery is of vast importance- 
th«' wi«rlJ. 

:'.'.».■). On hoard of a ship, a few men will raise ananchei 
with a i-:ipst:in. which it would take ten or twenty times tb? 
^rlill• nuMihiT to raise without it, and thus the expensed! 
> 111 {.pill:: nil 11 expressly for this purpose is saved. 

:;'.••'». < 'ijr man with a lt»ver, may move a stone which it 
wciill t:ik«- twenty men to move without it, and though i; 
.-iMiiii t:ik«- him twiiity times as long, he would still be the y 
■raiii'-r, ^'nu'v it wnnld be more convenient, and less eipen- 
.-i\i iiT iiiiii to tl'i the work himself, than to employ twenty 
otli»-r.< to »1() it for iiim. 

:;'.»/. \Vh<'n men * inploy the natural elements as a powei 
tu '.V. K'iniie ^^'si^tancl■ hy means of machinery, there is a 
va.-t >nvin'_r ot' animal labour. Thus mills, and all kindsof 
eni^iins. v.liirh arc kept in motion by the power of ^'ater.or 
wimi, or stijiin, save animal labour equal to the power it 
takes to k«' p them in motion. 
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308. Ifn/lro'faflrs is the scinice which treats of the 
wrinfit. pro.-viro, and etpiilibriuin of water, or other fluids, 
whi n in a statr of rest. 

^W. J!f/fl rnulirs is that part of the science of fluids which 
treats of water in motion, and the means of raisincf and 
condiu'tinir it in ])ipes, or otherwise, for all sorts of purposes. 

400. l^hf; .^ubj( rt of water at rest, will first claim investi- 
gation, since tht* laws which regulate its motion will behest 
understood hy first comprehending those which reg^ulate its 
pressure. 

401. A fluid \H a substance whose particles are easily 
moved among each other, as air and water. 

Wliirli perforins tlutrrcatost labour, ten men who lift a weight with 
their hands, or one man who docs the same wuh ten pulleys ? Whyl 
What is hydrostatics 1 How does hydraulics differ from nydrostatJGil 
What is a fluid 1 
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40S. The air is called an elastic fluid, because it is easily 
eompressed into a smaller bulk, and returns again to its on 
ginai state when the pressure is removed. Water is called 
a non-elasdc fluid, because it admits. of little diminution of 
KHilk under pressure. 

403. The non-elastic fluids, are perhaps more properly 
called liquids, but both terms are employed to signify water 
and other bodies possessing its mechanical properties. The 
term fluid, when applied to the air, has the word elastic be- 
fore it. 

404. One of the most obvious properties of fluids, is the 
&cility with which they yield to the impressions of other 
bodies, and the rapidity with which they recover their form- 
er state, when the pressure is removed. The cause of this, 
is apparently th^ freedom with which the particles of liquids 
slide over, or among each other ; tflfeir cohesive attraction 
beins* so slight as to be overcome by the least impression. 
On mia want of cohesion among their particles seem to de^ 
pend the peculiar mechanical properties of these bodies. 

405. In solids, there is such a connexion between the 
particles, that if one part moves, the other part must move 
also. But in fluids, one portion of the mass may be in mo- 
tion, while the other is at rest. In solids, the pressure is 
always downwards, or towards the centre of the earth's 
gravity ; but in fluids the particles seem to act on each other 
as wedges, and hence, when confined, the pressure is side 
ways, and even upwards, as well as downwards. 

406. Water has commonly been called a non-Fig.^77. 
elastic substance, but it is found that under great 
pressure its volume is diminished, and hence it is 
proved to be elastic. The most decisive experi- 
ments on this subject were made within a few years 
by Mr. Perkins. 

407. The experiments were made by means of a 
hollow cylinder, Sig. 77, which was closed at the 
bottom, and made water tight at the top, by a cap, 
screwed on. Through this cap, at a, passed the 
rod b, which was five sixteenths of an inch in diam- 
eter. The rod was so nicely fitted to the cap, as also 
to be water tight Around the rod at c, there was 
placed a flexiUe ring, which could be easily push- 

What is an elastic fluid 1 Why is air called an elastic fluid 1 What 
nibBtanoes are called liquids 1 What is one of the most obvious pro- 
perties of Hqoidsl On what do the peculiar mechanical properties of 
Snidi depend 1 
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ed up or dowD, bnl fitted ao domij m to Mnaii urn ay 
part where it was placed. 

408. A cannon of sufficient sise to receive this ejliiiihi; 
which was three inches in diameter, was fiiniished witk i 
strong cap and forcing pomp, and eel Tertfeally into lb 
ground. The cannon sad cylinder were next filled witk 
water, and the cylinder, with its rod drewnH'Oiit. end thenif 
placed down to the cap, as in the figure, was plunged ii* 
the cannon. The water in the cannon was then suljected 
to an immense prcssmsffby means of the forcing pump, if 
ter which, on ezamiMfioii of the apparatiis, it was nioi 
that the ring c, initail of heing where it was placed, «ii 
eight inches up the lod. The water in the cylmder being 
compressed into a smaller space, hy the pressiire of thtB 
the cannon, the rod was dnyen in, while under premm^ 
but was forced out again by the expansion at the wtta; 
when the pressure was removed. Thus, the ring on tlie 
rod would indicate the distance to which it had been faoei 
in, during the greatest pressure. 

409. This experiment proved that water, under tlie 
pressure of one thousand atmospheres, that is* the weigittrf 
15,000 pounds to the square inch, was reduced in bulkiboi 
one part in 24. 

410. So slight a degree of elasticity under such immnv 
pressure, is not appreciable under ordinary circumstsaeak 
and therefore in practice, or in common experiments cm Ail 
fluid, water is considered as non-elastic 

EauAL PaEssuRX or |^atbr. 

411. The particles of water, and other fluids, when eos- 
fincd, press on the vessel which confines them, in all diie& 
tions, both upwards, downwards, and sideways. 

From this property of fluids, together with their weigh 
or gravity, very unexpected and snrprising efiects are pro- 
duced. 

412. The efTect of this property, which we shall first ex- 
amine, is, that a quantity of water, however small, wil. 
balance another quantity however large. Such a proposi- 

In what respect does the pressure of a fluid differ ftom that of a solid 1 
Is water an elastic, or non-elastic fluid 1 Describe fi^. T7, and show 
how water was found to be elastic 1 In what proportion does the bulk 
of water diminish under a pressure of 15,000 pounds to the mfau% 
inch 1 In common experiments, is water considered dastie, or noa 
elastic 1 When water is confined, in what direction does it pnsat 
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[ftm at first thought might seem very improbable. But na 
examination, we shall nnd that an expenment with a ver^ 
simple apparatus will convince any one of its truth. In- 
deed, we every day see this principle established by actual 
experiment, as will be seen directly, 

413. Fig. 78 represents a common cof- Fig. 19- 
fee-pot, supposed to be Glled up to the dot- 
ted line a, with a decoction of coffee, or 
any other liquid. The coffee, we know, 
stands exactly at the same height, .both in 
the body of the pot, and in its. qwut. 
Therefore, the small quantity m the Bpost, 
balances the large quantity in the pot, or 
presses with the same force downwaids, aa that in the body 
of the pot presses upwards. This is obviously true, other- 
wise, the large quantity would sink below the dotted line, 
while that in the spout would rise abore it, and run over. 

414. The same principle is more strik- Fig. 79. 
ingly illustrated by fig. 79. ^ 

Suppose the cistern a to be capable of i 1 n 

holding one hundred gallons, and into its *-g"»™J — ti-i 
bottom there be fitted the tube b, bent, aa 
seen in the figure, and capable of c 
tainiog one gallon. The top of the cis- 
tern, and that of the tube, Win" open, 
pour water into the tube at e, ana it will 
rise up through the perpendicular bend 
into the cistern, and if the process be con- 
tinued, the cistern will be filled by pour- 
ing water into the tube. Now, it is plain, that the gallon 
of water in the tube, presses against the hundred gallons in 
the cistern, with a force equal to the pressure of the hun- 
dred gallons, otherwise, that in the tube would be forced up- 
wards higher than that in the cistern, whereas, we find that 
the surfaces of both stand eitactly at (he same height. 

415. From these experiments we learn, " that the press- 
ure of afiuid is Ttot in proportion to its quantity, but to its 
height, and that o. large quantity of water in an open ves- 
sel, presses down with no more force, than a small qiiantiiy 
of tjie same freight." 

How does the eiperiment with the (uSee-pat show that a small quan- 
tity of liquid will balance a laiee one 1 Explain Gg. 19, and show how 
tiiG ptcuuTB in the tube ii equBl to the presaure in the ciatem. WhM 
eonclanon, or ffaienX truth, i* to be drawn from tboM experimental 
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419. In this respect, tha im or ahMin oTa 
' " ' lot TwrnSim, 



__ AiatCu 

eonaeqaence, for ii > BDmber i ' , . . 

from each other in fiffare, positioD, and eapacitT, bi 
communication made Mweea them, utd one be Eukd __ 
water, the surface of the flnid, in all, will be at azactlj tbt 
nme elevation. I( therefore, the water ttaoda at in cqnil, 
height in all, the preMQia in one muat be jtut eqnal to the 
in another, and 3i> ef^ua! lo that in all the others. 
Fig. eo. 




417. To make this obrious, inppose a number ofTcad^ 
of different shapes and aizea, as represented by fi^. Bfi,i> 
have a communication between them, hy mews of a initJl 
tuhe, passing from the one to the other. "u| now, one of 
these vessela be filled with water, or if water be poured inio 
the tube a, all the other vessels will be filled at the aame in- 
stant, up to the line b e. Therefore, the pressure of tbt 
water in a, balances that in 1, 2, 3, &c., while the presann 
in each of these vessels, is eaual to that in the other, and b> 
an cqtiiltbrium is produced tnroughoot the whole series. 

418. If an ounce of water he poured into the tpbe a, it 
will produce a pressure on the contents of all the <^ter ni- 
seis, equal to the pressure of all the others on the tube ; for, ' 
it n-ill force the water in all the other vessels to rise np 
wards lo an eoual height with that in the tube itself Hence. 
we must conclude, that the pressure in each Teasel, is not - 
only equal to that in any of the others, hut also that the 
pressure in any one, is equal to that in all the others. 

4 19. From this we learn, that the shape or size of a ye» 

What difference does tho shape or tize of a tcsmI ntnke in retpM 
lo ihc pressure of a fluid on its botlom 1 Explain fig 80, and &■ 
how the equilibriom ia produced. Suppose an ouoee or wotsr be pew 
I, what wilt bs its elfect on tha conlenls of the atbct 
lo be drawn froni potaint tb« ooma o* 
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ffci has no influence on the pressure of its liquid contents, 
but that the pressure of water is as its height, whether the 
quantity be great or small. We learn, also, that in no case 
will the weight of a quantity of liquid, however large, force 
another quantity, however small, above the level of its own 
surface. 

420. This is proved by experiment ; for if; from a pond 
situated on a mountain, water be conveyed in an inch tube 
to the valley, a hundred feet below, the water will rise just 
a hundred feet in the tube ; that is, exactly to the level of 
the surface of the pond. Thus the wa^r in the pond, and 
that in the tube, press equally against each other, and pro- 
duce an exact equilibrium. 

Thus far we have considered the fluid as acting only in 
vessels with open mouths, and therefore at liberty to seek 
its balance, or equilibrium, by its own gravity. Its press- 
ure, we have seen, is in proportion to its height, and not to 
its bulk. 

421. Now, by other experiments, it is ascertained, that 
the pressure of a liquid is in proportion to its height, and 
its area at the base. 

Suppose a vessel, ten feet high, and Fig. 81. 

two feet in diameter, such as is rep- 
resented at a, fig. 81, to be 5lled 
with water ; there would be a certain 
amount of pressure, say at c, near 
the bottom. Let d represent another 
vessel, of the same diameter at the 
bottom, but only a foot high, and 
closed at the top. Now if a small 
tube, say the fourth of an inch in di- 
ameter, be inserted into the cover of 
the vessel d, and this tube be carried 
to the height of the vessel a, and .^^ 

then the vessel and tube be filled ||^ 

with water, the pressure on the hot- *^ * 

loms and sides of both vessels to the same height will be 
equal, and jets of water starting from d and c, will have ex- 
actly the same force. 



d 



What is the reason that a larg;e quantity of water will not force a 
small quantity above its own level'? Is the force of water in propor- 
tion to its height, or its quantity 1 How is a small quantity of water 
shown to press equal to a large quantity by fif^* 81 1 Explain the reason 
why the pressure is as great at d^ as at c. 
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4'2v!. This might at first seem improbable, but to coavmce 
oursi'lves of its truth, we have onlv to consider, that any im- 
pression niude on one portion of the confined fluid in the 
vi>ss(>l d, is instantly communicated to the whole mas& 
Therefore, the water in the tube b presses with the same 
hrcv on every other portion of the water in d, as it does on 
thm siniill portion over which it stands. 

'1*^3. This principle is illustrated in a very striking man- 
ner, hy the experiment, which has often been made, of burst- 
in u: the strongest wine-cask with a few ounces of water. 

424. Suppose a, fig. 82, to be a strong cask, Fig. 62. 
.'ilroiuly filled with water, and suppose the tube 
/;, tliirty fe(;t hi^h, to be screwed, water tight, 
into its head. When water is poured into the 
tuhe, so as to fill it gradually, the cask will 
show increasing signs of pressure, by emituinfi- 
the water tli rough the pores of the wood, and 
brtween the joints ; and, finally, as the tube is 
filled, the cask will burst asunder. 

425. The same apparatus will serve to il- 
lustrate the upward pressure of water ; for if 
H sniall stop-cock be fitted to the upper head, 
oil turning this, when the tube is filled, a jet 
of wall r will spirt up wiUi a force, and to a 
heii^hi, timt will astonish all who never before 
saw such an experiment. 

iu th«M)ry, the water will spout to the same 
liei^'-lit with that which gives the pressure, but, in practice, 
it is found to fall short, in the following proportions : 

420. If the tube be twenty feet high, and the orifice for 
the jet half an inch in diameter, the water will spout nearly 
ninrtceu feet. If the tube be fifty feet high, the jet will rise 
upwards of forty feet, and if a hundred feet, it will rise 
above eighty feet. It is understood, in every case, that the 
tubes are to be kept full of water. 

Tho height of these jets show the astonishing effects that 
a siriall quantity of fluid produces when pressing from a 
perpendicular elevation. 

427. Hydrostatic Bellows. — An instrument called the hy- 

How is the same principle illustrated by fig. 821 How is the up- 
ward pressure of water illustrated by the same apparatus 1 Under the 
pressure of a column of water twenty feet hi^h, what will be tlr*s hei||[ht 
of [he jet? Under a pressure of a hundred feet, how high will it Tm^\ 
What IS the hydrostatic bellows 1 
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QTostaiic bellows, also shows, in a striking manner, the great 
force of a small quantity of water, pressing in a perpendic- 
ular direction. 

428. This instrument consists of two boards, connected 
together with strong leather, in the manner of the common 
l)ellows. It is then furnished with a 
tube (hy ^g. 83, which communicates 
between the two boards. A person 
standing on the upper board, may 
raise himself up by pouring water into 
the tube. If«the tube holds an ounce 
of water, and has an area equal to a 
thousandth part of the area of the top 
of the bellows, one ounce of water in 
the tube will balance a thousand 
ounces placed on the bellows. 

429. Hydraulic Press. — This prop- 
erty of water was applied by Mr. Bra- 
mah to the construction of his hy- 
draulic press. But instead of a high 
tube of water, which in most cases could not be so readily ob- 
tained, he substituted a strong forcing pump, and instead ol 
the leather bellows, a metallic pump barrel and piston. 

430. This arrangen>ent will Fig. 84. 
be understood by ^g. 84, where 
the pump barrel, a, b, is rep- 
resented as divided lengthwise, r 
in order to show the inside., 
The piston, c, is fitted so ac- 
curately to the barrel, as to 
work up and down water 
tight ; both barrel and piston 
being made of iron. The thing 
to be broken, or pressed, is 
laid on the flat surface, i, there being above this, a strong 
frame to meet the pressure, not shown in the figure. The 
small forcing pump, of which d is the piston, and A, the 
lever by which it is woihed, is also made of iron. 

431. Now, suppose the space between the small piston 
and the large one, at w, to be filled with water, then, on 

What property of water is this instrument designed to show 1 Ex- 
plain fio^. 84. W here is the piston % Which is the p imp barrel, in which it 
works 1 In the hydrostatic press,what is the propor ion between the press- 
ure given bv the small pifiton, and the fcvce exerted on the large *ne % 

9* 
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forcing down the small piston, i, there wiU be a preosure 
Against the large piston, c, the whole force of which will 
be in proportion as the aperture in which e works, is grea^ 
cr than that in which d works. If the piston, d^ is half an 
inch in diameter, and the piston, c, one foot in diameter, 
then the pressure on c will be 576 times greater than that 
on d. Therefore, if we suppose the pressure of the smali 
piston to be one ton, the large piston will be forced up 
against any resistance, with a pressure equal to the weight 
of 576 tons. It would be easy for a single man to give the 
pressure of a ton at d, by means of the lever, and, therefore, 
a man, with this engine, would be able to exert a force equal 
to the weight of near 600 tons. 

432. It is evident, that the force to be obtained by this 
principle, can only be limited by the strength of the mate- 
rials of which the engine is made. Thus, if a pressure of 
two tons be given to a piston, the diameter of which is only 
a quarter of an inch, the force transmitted to the other pis- 
ton, if three feet in diameter, would be upwards of 40,000 
tons ; but such a force is much too great for the strength of 
any material with which we are acquainted. 

433. A small quantity of water, extending to a great ele- 
vation, would give the pressure above described, it being 
only for the sake of convenience, that th« forcing pnmp is 
employed, instead of a column of water. 

434. There is no doubt, but in the opp^'titions of nature, 
great effects are sometimes produced among mountains, by 
a small quantity of water finding its way to a reservoir in 
the crevices of the rocks far beneath. 

435. Sup- Fig. 85. 
pose in the 
interior of a 
mountain, fig. 
85, there 
should be a 
space of ten 
yards square, 
and an inch 
deep, filled 
with water, 
and closed up 

What is the estimated force which a man could give by one of tltm. 
engines 1 If the pressure of two tons be made on a piston vf a qr^~ 
ter of an inch in diameter, what will be the force transmitted to 
other piston of three feet in diameter 1 
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on ail sides ; and suppose, that in the course of time, a nnall 
fissure, no more than an inch in diameter, should be opened 
by the water, from the height of two hundred feet lUMive, 
down to this little leservoir. The consequence might be, 
that the side of the mountain would burst asunder, for the 
pressure, under the circumstances supposed, would be equal 
to the weight of five thousand tons. 

436. Pressure on vessels with oblique sides. — It is obvi- 
ous that in a vessel, the sides of which are every where per- 
pendicular to each other, that the pressure on the bottom will 
be as the height, and that the pressure on the sides will 
every where be equal at an equal depth of the liquid. 

437. But it is not so obvious, that in a vessel having 
oblique sides, that is, diverging outwards from the bottom, 
or converging from the bottom towards the top, in what 
manner the force of pressure will be sustained. 

438. Now, the pressure on the bottom of any vessel, no 
matter what the shape may be, is equal to the height of the 
fluid, and the area of the bottom. 

439. Hence the pressure Fig. 86. 

on the bottom of the vessel ^ 

sloping outwards, fig. 86. 

will be just equal to what 

it would be, were the sides 

perpendicular, and the 

same would be the case did the sides slope inwards instead 

of outwards. 

440. In a vessel of this shape, the sides sustain a pressure 
equal to the perpendicular height of the fluid above any 
given point. Thus, if the point 1 sustain a pressure of one 
pound, 2, being twice as far below the surface, will have a 
pressure equal to two pounds, and so in this proportion with 
respect to the other eight parts marked on the side of the vessel. 

441. On the contrary, did the sides of the vessel slope in 
wards instead of outwards, as re- "* 
presented by fig. 87, still the same 
consequences would ensue, that is, 
the perpendicular height, in both 
cases, would make the {pressure 
equal. For although, in the lat- j^] 
ter case, the perpendicular height 

What is the pressure of water in the creyices of mountains, and tha 
consequences 1 What is the pressure on the bottom of a vessel contain- 
ing a fiu'd equal tol Suppose the sides of the vessel slope outwardly 
what effea does this prodoce on the pressure 1 
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is not above the point pressed upon, still the same effect n 
produced by the pressure of the fluid in the direction per- 
pendicular to the plane of the side, and since fluids press 
equally in all directions, this pressure is just the same as 
though it were perpendicularly above the point pressed 
upon, as in the direction of the dotted lines. 

442. To show that this is the case, we will suppose that 
P, fig. 87, is a particle of the liquid at the same depth below 
the surface as the division marked 5 on the side of the ves- 
sel ; this particle is evidently pressed downwards by the in- 
cumbent weight of the column of fluid P, a. But since 
fluids press equally in all directions, this particle must be 
pressed upwards and sideways with the same force that it is 
pressed downwards, and, therefore, must be pressed from 
P towards the side of the vessel, marked 5, with the same 
force that it would be if the pressure was perpendicular 
above that part of the vessel. 

443. From all that has been stated, we learn, that if the 
sides of the vessels, 86 and 87, be equally inclined, though 
in contrary directions to their bottoms, and the vessels be 
filled with equal depths of water, the sides being of equal di- 
mensions, will be pressed equally, though the actual quan 
tity of fluid in each, be quite diflferent from each other. 

Water Level. 

444. We have seen, that in whatever situation water is 
placed, it always tends to seek a level. Thus, if several ves- 
sels communicating with each other be filled with water, 
the fluid will be at the same height in all, and the level will 
be indicated by a straight line drawn through all the ves- 
sels, as in fig. 80. 

It is on the principle of this tendency, that the little in 
strum ent called the water level is constructed. 

445. The form of this Fig. 8a 
•nstrument is represented 

by fig. 88. Tt consists of p^^ P^C 

a, b, a tube, with its two 
ends turned at right an- 
gles, and left open. Into 3 




How is it shown that the pressure of the fluid at 5, is equal to what 
It would have been had the liquid been. perpendicular Jibove that pointt 
On what principle is the water-level constructed 1 Describe thr man* 
nor in which the level with sights is used, and the reasop why thi 
floats will always be at the same height 1 
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one of the ends is poured water or mercury, until thb fluid 
rises a little in the angles of the tube. On the surfiice of the 
fluid, at each end, are then placed small floats, carryings up. 
right frames, across which are drawn small wires or hairs, 
as seen at c and d. These hairs are called the sights, and 
are across the line of the tube. 

446. It is obvious that this mstrument will always indi- 
cate a level, when the floats are at the same height, in re- , 
spect to each other, and not in respect to their comparative 
heights in the ends of the tube, for if one end of the instru- 
ment be held lower than the other, still the floats must al- 
ways be at the same height. To use this level, therefore, 
we have only to bring the two sights, so that one will range 
Avith the other ; and on placing the eye at c, and looking 
towards d, this is determined in a moment. 

This level is indispensable in the construction of canals 
and aqueducts, since the engineer depends entirely on it, to 
ascertain whether the water can be carried over a given hill 
or mountain. 

447. The common spirit level con- Pig. 89. 
sists of a glass tube, flg. 89, filled 
with spirit of wine, excepting a small 
space in which there is left a bubble 
of air. This bubble, when the in- 
strument is laid on a level surface, will be exactly in the 
middle of the tube, and therefore to adjust a level, it is only 
necessary to bring the bubble to this position. 

The glass tube is enclosed in a brass case, which is cut 
out on the upper side, so that the bubble may be seen, as 
represented in the figure. 

448. This instrument is employed by builders to leve* 
their work, and is highly convenient for that purpose, since 
it is only necessary to lay it on a beam to try its level. 

449. Improved Water Level. — In this edition we add 
the figure and description of a more complete Water Level 
than that seen at fig^. 88. 

Whttt is the use of the level 1 Describe the common spirit level, and 
. themethodofusingitl 
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95a Let A, ^g. 

90, :bt a straight 

gliMi t«be, having 

two UgB, or two 

other glass tuhea, 

rising from each end 

«t right angles. Let 

Ae tube A, and a 

port of the lega, be 

filled with mercury, 

or some otber liquw, 

and on the sarfiice«, 

4 Kflfthe liquid, let 

ScMtfs be placed cmx^ 

tying bpright wires, 

to toe ends of which 

are attached sights at 1, 9. Theae aighls 

by 8, 4, and consist of two fine threads, cf ' 

right angles across a square, and are placed at right aught 

to the lenffth of the instrument 

451. They are so adjusted, that die points whefre thffhun 
intersect each*^ other, shall be at equal heighta ftbore the 
floats. This adjustment may be made in thejtfgiUDWBig 
manner: ''^* 

452. Let the eye be placed behind one of the sights, look- 
ing through it at the other, so as U make the pointa, when 
the hairs intersect, coyer each other, a^d let; aonoe jjitot 
object, covered by this point, be ol served. /Then let the 
instrument be reversed, and let the joints of intersection ct- 
the hairs be viewed in the same way, eo as to coioer each 
other. If they are observ^ to cover the same distant object 
as before, they will be of equal heights above the aurfiicei 
of the liquid. But, if the same distant pointt-lie not observed 
in the direction of these points, then om or Ae other of the 
sights must be raised or lowered, by air lidjustmeni provided 
^or that purpose, until the points of intersection be brought 
to correspond. These points will then be properly adjuct- 
ed, and the hne passing through them will be exactly hori- 
zontal. All points seen in the direction of the sights will 
be on the level of the instrument 

453. The principles on which this adjustment depends 



Explain, by fig. 90, how an exact line may haobtained by a^foitiaf 
tbesightsi 
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are easily explained : if the intersections of the hairs be at 
the same distance from the floats, the line joining those 
intersections will evidently be parallel to the lines join- 
ing the surfaces a, b, of the liquid, and will therefore be 
level. But if one of these points be more distant from the 
floats than the other, the line joining the ir^ersections will 
ooint upwards if viewed from the lower sight, and down- 
wards, if viewed from the higher one. 

454. The accuracy of the results of this instrument, will 
be greatly increased by lengthening the tube A. 

Specific Gravitv. 

455. If a tumbler be filled with water to the brim, an^ 
an eg^t or any other heavy solid, be dropped into it, a quan- 
tity of the fluid, exactly equal to the size of the egg, or other 
solid, will be displaced, and will flow over the side of the 
vessel. Bodies which sink in water, therefore, displace a 
quantity of |he fluid equal to their own bulks. 

456. Now, it is found, by experiment, that when any 
solid substance sinks in water, it loses, Avhile in the fluid, a 
portion of its weight, just equal to the weight of the bulk of 
water which it displaces. This is readily made evident bv 
experiment. 

457. Take a piece of Pig. 91. 
ivory, or any other sub- 
stance that will sink in 
water, and weigh it accu- 
rately in the usual man- 
ner ; then suspend it by a 
thread, or hair, in the emp- 
ty cup a, fig. 91, and then 
balance it, as shown in the 
figure. Now pour water 
into the cup, and it will be 
found that the suspended 
body will lose a part of its weight, so that a certain numbf.i 
of grains must be taken from the opposite scale, in order to 
make the scales balance as before the water was p<mred in. 




When a solid is weighed in water, why does it lose a part of iti 
weight ? How much less will a cubic inch of any substance weigh in 
water than in air 1 How is it proved by fig. 91, that a body ..tighs 
less in water than in air 1 What is the specific gravity of a btidVl 
How ore the specific gravities of solid bodies loik&M 
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The number of grains taken from the opposite scale, shcni 
the weight of a quantity of water equal to the bulk of the 
body so suspended. 

458. It is on the principle, that bodies weigh less in the 
water than they do when weighed out of it, or in the air, 
that water becomes the means of ascertaining their specific 
gravities, for it is by comparing the weight of a body in the 
.water, with what it weighs out of it, that its specific grav- 
ity is determined. » 

459. Thus, suppose a cubic inch of gold weighs 19 ounces, 
and on being weighed in water, weighs only 1 8 ounces, or 
loses a nineteenth part of its weight, it will prove that gold, 
bulk for bulk, is nmeteen times heavier than water, and thus 
19 would be the specific gravity of gold. And so if a cube 
of copper weigh 9 ounces in the air, and only 8 ounces in 
the water, then copper, bulk for bulk, is 9 times as heavy as 
water, and therefore has a specific gravity of 9. 

460. If the body weigh less, bulk for bulk, than water, 
It is obvious, that it will not sink in it, and therefore weights 
must be added to the lighter body, to ascertain how much 
less it weighs than water. 

The specific gravity of a body, then, is merely its weight, 
compared with the same bulk of water ; and water is thus 
made the standard by which the weights of all other bodies 
are compared. 

461. To take the specific gravity of a solid which sinks 
in water, firSt weigh the body in the usual manner, and note 
down the number of grains it weighs. Then, with a hair, 
or fine thread, suspend it from the bottom of the scale-dish, 
in a vessel of water, as represented by fig. 91. As it weighs 
less in water, weights must be added to the side of the scale 
Avhere the body is suspended, until they exactly balance 
each other. Next, note down the number of grains so add- 
ed, and they will show the diflference between the weight 
of the body in air, and in water. 

It is obvious, that the greater the specific gravity of the 
body, the less, comparatively, will be this diflference, because 
-jach body displaces only its own bulk of water, and some 
bodies of the same bulk, will weigh many times as much 
as others. 

462. For example, we will suppose that a piece of pla- 
tina, weighing 22 ounces, will displace an ounce of water, 



a 



Why docs a heavy body weigh comparatively less in the wnter than 
light one 1 
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while a piece of silver, weighing 22 ounces, will displace 
two ounces of water. The platina, therefore, when fus- 
pended as above described, will require one ounce to make 
the scales balance, while the same weight of silver will re> 
quire two ounces for the same purpose. The platina, there- 
fore, bulk for bulk, will weigh twice as much as the silver, 
and will have twice as much specific gravity. 

Having noted down the difference between the weight of 
the body in air and in water, as above explained, the specific 
gravity is found by dividing the weight in air, by the loss in 
water. The greater the loss, therefore, the less will be the 
specific gravity, the bulk being the same. 

Thus, in the above example, 22 ounces of platina was snp> 
posed to lose one ounce in water, while 22 ounces of silver 
lost two ounces in water. Now 22, divided by 1, the loss 
of the platina, is 22 ; and 22- divided by 2, the loss in the 
silver, is 11. So that the specific gravity of platina is 22, 
while that of silver is 11. The specific gravities of these 
metals are, however, a little less than here estimated. [For 
{ft her methods of taking specific gravity, see Chemist rif.] 

Hydroxeter. 

463. The hydrometer is an instrument, by which the spe- 
cific gravities of fluids are ascertained, by the depth to which 
it sinks below their ^surfaces. 

Suppose a cubic inch of lead loses, when weighed in 
water, 253 grains, and when weighed in alcohol, only 209 
grains, then, according to the principle already recited, a 
cubic inch of water actually weighs 253, and a cubic inch 
of alcohol 209 grains, for when a body is weighed in fluid, 
it loses just the weight of the fluid it displaces. 

464. Water, as we liave already seen, (460,) is the stand- 
ard by which the weights of other bodies are compared, and 
by ascertaining what a given bulk of any substance weighs 
in water, and then what it weighs in any other fluid, the 
comparative weight of water and this fluid will be known. 
For if, as in the above example, a certain bulk of water 
weighs 253 grains, and the same bulk of alcohol only 209 

Having taken the difference between the weight of a body in ahr 
*nd in water, by what rule is its specific gravity found 1 Give the ex- 
ample stated, and show how the aifierenoe between the speci fic g ravi- 
ties of platina and silver is ascertained. What is the hyditwneta^ 
Suppose a cubic inch of any substance weighs 363 grains less in wr" 
than in air, what is the actual weight of a cubic inch of water? 

10 
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Kitm, then alcohol has a specific gravity, nearly one foonli 
than water. 

R is on this principle thai the hydrometer is constnicled. 
It is composed of a hollow ball of glass, or metal, with i 
giadoatea scale rising from ita upper part, and a weiglil 
on its under part, which serves to balance it in the fluid. 

Snch an instrument is represented by flg'. Fig. 93. 
p2, of which b is the graduated scale, and a 
the weight, the hollow ball being bettreen 
them. 

4G5. To prepare this Instrument for use, 
weights, in grains, or half grains, are put 
into the little ball a, until the scale is carried 
down, so that □ certain mark on it coincides 
exactly with the surface of the water. This 
mark, then, becomes the standard of compari- 
son between water and any other liquid, in 
which the hydrometer ia placed. If plunged 
into a fluid lighter than water, it will sink, 
and consequently the fluid will rise higher ,.=_^ 

on the scale. Il the fluid is heavier than water, tlie'finle 
will rise above the surface in proportion, and thus it is as- 
certained, ill a moment, whether any fluid has a greater dt 
less specific gravity than water. 

To know precisely how much the fluid varies from the 
standard, the scale is marked ofT into degrees, which iaii- 
cate grains by weig^hl, so that it is ascertained, very exactly, 
how much the specific gravity of one fluid diflfers from tha 
of another. 

466. Water being the standard by which the weig-hts of 
other substances are compared, it is placed as the unit, or 
point of comparison, and is therefore 1, 10, 100, or 1000, 
the ciphers being added whenever there are fractional paita 
expressing the specific gravity of the body. It ia alnrsys 
understood, therefore, that the specific gravity of water is 1, 
and when it is said a body has a specific gravity of 2, it ii 
only meant, that such a body is, bulk for bulb, twice as 
heavyas water. If the substance is lighter than water, ii 

Onwhatnrinfiipleislliehyclromnter founded? How ia ibis instru' 
ment formed? How is iho hydromwcr prepared for uael How ia il 
linown, by thia inBlruraonl, whether the fluid is lighter or heavier than 
water ^ What is the Btandurd by which the weighw of other bodies 
.thp s™.,-i(!,-.i...ii^ of water! When it isanid 



11 • It iiui le luc fiiujiuHru uy wnicn me we 
compared 1 What is the specific gravity of wa 
the specific gravity of a body i«S, or 4, what 
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has a specific gravity of 0, with a fractional part Thus 
alcohol has a specific gravity of 0,809, that is, 809, water 
being 1000. '^ 

By means of this instrument, it can be told with great ac- 
curacy, how much water has been added to spirits, for the 
greater the quantity of water, the higher will the scale rise 
above the surfece. 

The adulteration of milk with water, can also be readily 
detected with it, for as new milk has a specific gravity of 
1032, water being 1000, a very small quantity of water mix- 
ed with it would be indicate by the instrument 

The Syphon. 

467. Take a lube, bent like the letter U, and having filled 
it with water, place a finger on each end, and in this state 
plunge one of the ends into a vessel of water, so that the 
end in the water shall be a little the highest, then remove 
the fingers, and the liquid will flow out, and continue to do 
so, until the vessel is exhausted. 

A tube acting in this manner, is called a syphon^ and is 
represented by ^g* 93. The reason why the water flows 
from the end of the tube a^ and, ~' 

consequently, ascends through 
the other part, is, that there is a 
greater weight of the fluid from 
b to a, than from c to 3, because 
the perpendicular height from h 
to a is tne greatest. The weight 
of the water from hio a falling 
downwards, by its gravity, tends 
to form a vacuum, or void space, 
in that leg of the tube ; but the 
pressure of the atmosphere on the 
water in the vessel, constantly forces the fluid up the other 
leg of the tube, to fill the void space, and thus the stream is 
continued as long as any water remains in the vessel. 

468. Intermitting Springs. — The action of the syphon 
depends upon the same principle as the action of the panqp^ 
namely, the pressure of the atmosphere, and therefore its ex- 
planation properly belongs to' Pneumatics. It is introduced 

Alcohol has a specific gravity of 809 ; what, in reference to this, it 
the specific gravity of water 1 in what manner is a syphon made 1 
Explain the reason why the water ascends through one leg of the sy- 
phon, and descends throiigh the other. What is an intermittent sprinK ^ 
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here merely for the purpose of illustrating the phenomads 
of utermitting springs; a subject which properly belongi 
to Pneumatictj. 

ooiiif sprinnrs, situated on the sides of mountains, How lor 
a while with grral violence, and then cease entirely. After 
a time, th(>y bcL^nn to flow niifain, and then suddenly stop, a* 
bt^fora. Tliest* are call«;d intermitting springs. Among 
i<i[iiurant and superstitions people, these strange appearances 
have been attributed to witchcraft, or the influence of some 
supernatural power. But an acquaintance with the lairs of 
nature will dissipate such ill founded opinions, by showio^ 
that they owe their peculiarities to nothing more than nata 
ral syphons, existing in the mountains from whence tlif 
water flows. 

Fig. 94. 




469. Fig. 04 is the section of a mountain and spring, 
showing how the principle of the syphon operates to prO" 
duce the i-ffcct described. Suppose there is a crevice, oi 
hollow in the rock from a to b, and a narrow fissure lead 
ing from it, in the form of the syphon, h c. The water, from 
the rills />, filling the hollow, up to the line a dy it will 
then discharge its< If through the syphon, and continue to 
run imtil th(! water is exhausted down to the leg of the sv 
phon b, when it will erase. Then the water from the rillj 
continuing to run until the hollow is again filled up to the 
same line, the syphon again begins to act, and again dis- 
charges the contents of the reservoir as before, and thus the 
spring p, at one moment, flows with great violence, and the 
next moment ceases entirely. 

How is the plK'nomcnon of the intermiltrnt spring exnlained ? Ejt- 
Dlam fig. 94^ and show the re.asoiv'wV\^ avx^Ja. %. *\)\\s\^"wtll flow wai 
9d to Bow, allcmately. 
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The hollow, above the line a d, is supposed not to oe fill* 
cd with the water at all, since the syphon begins to -act 
whenever the fluid rises up to the bend d. 

During the dry seasons of the year, it is obvious, "^haC 
8uch a spring would cease to flow entirely, and would bo 
gin again only when the water from the mountain filled the 
cavity through the rills. 

Such springs, although not very common, exist in various 
parts of the world. Dr. Atwell has described one in tha 
Philosophical Transactions, which he examined in Devon- 
shire, in England. The people in the neighbourhood, as 
usual, ascribed its actions to some sort of witchery, and ad- 
vised the doctor, in case it did not ebb and flow readily, 
when he and his friend were both present, that one of them 
should retire, and see what the spring would do, when only 
the other was present. 



HYDRAULICS. 

470. It has been stated, (398,) that Hydrostatics is that 
branch of Natural Philosophy, which treats of the weight, 
pressure, and equilibrium of fluids, and that Hydraulics has 
for its object the investigation of the laws which regulate 
fluids in motion. 

If the pupil'has learned the principles on which thepress^' 
ure and equilibrium of fluids depend, as explained under 
the former article, he will now be prepared to understand 
the laws which govern fluids when in motion. 

The pressure of water downwards, is exactly in the same 
proportion to its height, as is the pressure of solids in the 
same direction. 

47 I. Suppose a vessel of three inches in diameter has a 
billf*t of wood set- up in it, so as to touch only the bottom, 
and suppose the piece of wood to be three feet long, and to 
wci^h nine pounds; then the pressure on the bottom of the 
vessel will be nine pounds. If another billet of wood be 
set on this, of the same dimensions, it will press on its top 
with the weight of nine pounds, and the pressure at the bot- 
com will be 18 pounds, and if another billet be set on !h]s. 

u -.^ . 

How does the science of Hydrostatics difibr from that of Hydrau- 
lics ? Does Uie downward pressure of water difier (Wttn the downward 
pressure of solids, in proportion 7 How is the down:ward pressure of 
water illustrated T 
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Fig. 95 



the pressure at the bottom will be 27 poands, and so on, in 
this ra»io, to any height the column is carried. 

472. Now the pressure of fluids is exactly in the same 
proportion; and when confmod in pipes, may be considered 
as one short column set on another, each of which increases 
the pressure of the lowest, in proportion to their number and 

heii^ht. 

473. Thus, notwithstandingr the lateral press- 
ure of fluids, thoir downward pressure is as their 
height. This fact will be found of importance 
in the invi^stigation of the principle* of certain 
hydraulic machines, and wo have, therefore^ en- 
deavoured to impress it on the mind of the pupil 
by fig. 95, where it will bt^ seen, that if the 
pressure of three feet o." wate' *>e equal to nine 
pounds on the bouom of the vesse..; he pressure 
of twelve feet will be equal tolhirty-six pounds. 

474. 'Vho (jUMUtity of water which will bedis- 
charjred frum an orifice of a given size, will be 
in proportion to the height of the column of ^ 
water above it, for the discharge will increase in 
velocity in proportion to the pressure, and the 
pressure, we have already seen, will be in a 
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Fig. 96; 



fixed ratio to the height 

475. If a vessel, fig. 96, 
be filled with water, and 
three fipertures be made iu 
its sides at the points a, b, 
and c, the fluid will be 
thrown out in jets, and will 
fall towards the earth, in 
the curved lines, a, h, and 
c. The reason why these 
curves difiTer in shape, is, 
that the fluid is acted on by 
two forces, namely, the 
pressure of the water above the jet, which produces its velo- 
city forward, and the action of gravity, which impels it 
downward. It therefore obeys the same laws that solids ^o 

Will out reference to the lateral pressure, in what proportion do 
^uids p. CSS downwards 1 What will be the proportion of a fluid dis- 
churgtul from an orifice of a ^iven size 1 Why do the lines desoribei 
by the jtts from the vessel, fig. 90, differ in shaped 
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*'lien projected fortvard, and falls down in curved lines, tho 
Kliapes of which depend on their relative velocities. 

The quantity of water discharged, being in proportion to 
the pressure, that discharged from each orifice will differ in 
quantity, according to the height of the water above it. 

476. It is found, however, that the velocity with which a 
vessel discharges its contents, does not depend entirely on 
the pressure, but in part on the kind of orifice through which 
the ^liquid flows. It might be expected, for instance, that a 
tin vessel of a given capacity, with an orifice of say an inch 
in diameter through its side, would part with its contents 
sooner than another of the same capacity and orifice, whose 
side was an inch or two thick, since the friction througrh the 
tin might be considered much less than that presented by 
the other orifice. But it has been found, by experiment, 
that the tin vessel does not part with its contents so soon as 
another vessel, of the same height and sia^of orifice, from 
which the water flowed through a shor^jiye.' And, on 
varying the length of these pipes, it is found that the most 
rapid discharge, other circumstances being equal, iS through 
a pipe, whose length is twice the diameter of its orifice. 
Such an aperture discharged 82 quarts, in the same* time 
that another vessel of tin, without the pipe, discharged 62 
quarts. ^ \ 

This surprising diflTerence is accounted for, by supposing 
that the cross currents, made by the rushing of the water 
from different directions towards the orifice, mutually inter- 
fere with each other, by which the whole is broken, and 
thrown into confusion by the sharp edge of the tin, and 
hence the water issues in the form of spray, or of a screw, 
from such an orifice. A short pipe seems to correct this 
contention among opposing currents, and to smooth the 
passage of the whole, and hence wc may observe, that from 
such a pipe, the stream is round and well defined. 

477. Proportion between the pressure and the velocity of 
discharge. — If a small orifice be ftiade in the side of a ves- 

What two forces act upon the fluid as it is discharged, and how do 
these forces produce a curved line 1 Does the velocity with which a 
fluid is discharged, depend entirely on the pressure 1 What circum- 
stance, besides pressure, facilitates the discharge of water from an ori- 
tice'? In a tube discharginj» water with the greatest velocity, what is 
the proportion between its diameter and its length 'i What is thn pro- 
portion between the quantity of fluid discharged through an oriflce of 
iin, and through a sliort pipe ? 
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sol filled with any liquid, the liquid will flow out with i 
force and Telocity, equal to the presBure which the liquid 
befoie exerted on that portion of the aide of the Teael be- 
fore iho orifice xna maie.. 

Now, as the pressure of fluids is as their heights, it fol- 
lows, as above stated, ihAi if several such orifices are made, 
the lowest will discharge the greatest, while the highesl 
will dischnrre the leaBt, quantity of the fluid. 

473. TheSrelocity of discharge, in the several orifices oj 
such a vessel, will show a remarkable coincidence between 
the rntio of increase in the quantity of liquid, and the in- 
creased velocity of a falling bffldy (82.) 

Thus, if the tall vessel, Rg. 97, of equal^ Fig- 97, 

dimensions throughout, be filled with wa- 
lur, and a small orifice be made nt one 
inch from the top, or below the siirfm:'', as 
at 1 ; and anotl^ at 2, 4 inches beiow 
ihia; another alS inches, a fourth at IC 
inches ; and a. fifth at 25 inches ; then the 
velocities of discharge, from these Efvernl 
orificfS, uill bo in the proportion of 1, 2, 
3. 4. r>. 

To express this more obviously, we will 
place tlie expressions of the several veloci- 
ties in the upper line of the following ta- 
ble, the lower numbers, corresponding, 
expressing the depths of the severail 
orifices. 




I Velocity. I I I 2 "["3 | 4 1 5 I G [ 

I Depth, I 1 I 4 I 9 I 16 I 25 I 36 I 49 I 64 [ 81 I lOO j 

479. Thus it appears, that to produce a twofold velocity 
a fourfold height is necessary. To obtain a threefold t» 
locity of disclmrge, a ninefold height is required, and ibr» 
fourfold velocity, sixteen limes the height is necessary, an* 
so in this proportion, as shown by the table. (See 86.) 

480. To apply this law to the motion of falling bodies, i 
appears that if a body were allowed to fall freely from the 
surfece of the water downwards, being unobstructed by th» 
fluid, it would, on arriving at each of the orifices, have ve- 
locities proportional to those of the water discharged at th» 
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said orifices respectively. Thus, whatever velocity it 'vouid 
have acquired on arriving at 1, the firsVfOrifice, it woald 
have doubled that velocity on arriving at !2;Vth€. second ori- 
fice, trebled it on arriving at the third orifice, and so on 
with respect to the others. 

481. In order to establish the remajrkable fact, that the 
velocity with which a liquid spouts frcHOti an orifice in a ves- 
sel, is equal to the velocity which a body would acquire in 
falling unobstructed from the surface of the liquid to the 
depth of the orifice, it is only necessary tc prove the truth of 
the principle in any one particular case. 

482. Now it is manifestly true, if the orifices bo presented 
downwards, and the column of fluid over it be of small 
height, then tnis indefinitely small column will drop out of 
the orifice by the mere effect of its own weight, and, there- 
fore, with the same velocity as any other falling body ; but 
OS fluids transmit pressure in all directions, the same effect 
will be produced whatever may be the direction of the ori- 
fice. Hence, if this principle be true, then the direction 
and size of the orifice can make no difference in the result, 
80 that the principle, above explained, follows as an incon- 
trovertible fact. 

Friction between Solids and Fluids. 

483. The rapidity with which water flows through pipes 
of the same diameter, is found to depend much on the nature 
of their internal surfaces. Thus a lead pipe, with a smooth 
aperture, under the same circumstances, will convey much 
more water than one of wood, where the surface is rough, 
or beset with pointn. In pipes, even where the surface is 
as smooth as glass, there is still considerable friction, for in 
all cases, the water is found to pass more rapidly in the 
middle of the stream than it does on the outside, where it 
rubs against the sides of the tube. 

The sudden turns, or angles of a pipe, are also found to 
be a considerable obstacle to the rapid conveyance of the 
water, for such angles throw the fluid into eddies or currents 
by which its velocity is arrested. 

In practice, therefore, sudden turns are generally avoid- 
How is it proved that the velocity of the spouting: liquid is equal to 
that of a falling body 1 Suppose a lead and a glass tube, of the same 
diameter, which will deliver the greatest quantity of liquid in the same 
time? \Vhy will a glass tube deliver most*? What is s.iid of the sud- 
den turnings of a tube, in retarding the motion of the fluid] 
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ea, and where it is necessary (hat the pipe sbo'ild changt 
its direction, it is done by means of as large a circle as con- 
venient. 

Where it is proposed to convey a certain quantity of 
walor to a. considerable distance in pipes, there will lie ■ 
great disnp point mcnt in respect lo the quantity actually deli- 
vered, unless the engineer takes into account the frictjnn, 
and the turnings of the pipes, and makes large alloivancn 
for these circiimstnnccs. If the quantity to be actually de- 
liveTfd ought to fill a two inch pipe, one of three inches 
will not be too great an allowance, if the water is to be cod 
veycd to any consideroble distance. 

In practice, it will be found that a pipe of two inches in 
dinmtter, one hundred feet long, will dischar^rs about five 
times as much water as one of one inch in diameter of the 
same length, and under the same pressure. This difference 
is accounted for, by supposing that both tubea retard the mo- 
tion of llio fluid, by friction, at equal distance from their in- 
ner surfaces, and consequently, that the effect of this cause 
is much greater in proportion, in a small tube, than in ■ 
larfte one. 

4S4, The effect of friction in retarding the motion of 
fluids is ferpctually illustrated in the flowing of rivers and 
brooks. On the side of a river, the water, especially 
where it ia shallow, is nearly still, while in the middle of 
the stream it may run at the rate of five or six miles an 
hour. For tiie same reason, the water at the bottoms of 
rivers is much less rnpid than at the surface. This is often 
proved by the oblique posilion of floating substances, which 
in still water would assume a vertical direction. 

485. Thus, suppose the stick of wood Fig. 98. 

f, fig. 98, to be loaded at one end with 
lead, of the same diameter as the wood, T 
so OS to make it stand upright in still I 
water. In the current of a river, where f- 
tho lower end nearly reaches tlie 
torn, it will incline as in the figure, be- 1 
cause the water is more rapid towards I 
(he surface than at the bottom, and hence I 
the tendency of the upper end to move I 
faster than the lower one, gives il ar 

How much more water will a two inch tube of a hundred G^» »._ 
djschnrge, ihnn a onfl inch tube of the same length 1 How ia thu i^ 
ftronce accounted for 1 How dorivcrashowtheetfect of friction in i» 
^•"t the motion of their wateral Explain Sg. 98 
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Machines for raising Water. 

486. The common pump, though a hydraulic machine, 
depends on the pressure of the atmosphere for its eflfect, and 
therefore its explanation comes properly under the article 
Pneumatics, where the consequences of atmospheric press- 
ure will be illustrated. 

Such machines only, as raise water without the assist- 
ance of the atmosphere, come properly under the present 
article. 

487. Archimedes^ Screw. — Among these, one of the most 
curious, as well as ancient machines, is the screw of Archi- 
medes, and which was invented by that celebrated philoso- 
pher, two hundred years before the Christian era, and then 
employed for raising water and draining land in Egypt. 



Pig. 99. 




488. It consists of a large tube, fig. 99, coiled round a 
shaft of wood to keep it in place, and give it support Both 
ends of the tube are open, the lower one being dipped into 
the water to be raised, and the upper one discharging it in 
an intermitting stream. The shaft turns on a support at 
each end, that at the upper end being seen at a, the lower 
one being hid by the water. As the machine now stands, 
the lower bend of the screw is filled with water, since it is 
below the surface c, d. On turning it by the handle, from 
left to right, that part of the screw now filled with water will 
'•ise above the surface c, d, and the water having no place 



Who is said to have been the inventor of Archimedes' sccew 1 Ex- 
plain thiB machine, as represmted in fig;. 99, and show how the watar 
IS elevated by tunung it 
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to escape, fells into the next lowest part of the screw at e. 
A.t the next revolution, that portion which, during the last 
was at e, will be elevated to g^ for the lowest bend will re 
ceive another supply, which in the mean time will be trans* 
ferred to e, and thus, by a continuance of this motion, the 
water is finally elevated to the discharging orifice p. 

This principle is readily illustrated by winding a piece of 
lead tube round a walking stick, and then turning the whole 
with one end in a dish of water, as shown in the figure. 

489. Theory of Archimedes^ Screw. — By the following 
cuts {ind explanations, the manner in which this machine 
acts will be understood. 

490. Suppose Fig. 100. 
the extremity 1, 
fig. 100, to be 
presented up- 
wards, as in the 
figure, the screw 
Itself being in- 
clined as repie- 
scnted. Then, 
from its peculiar 
form and position, 
it is evident, that commencing at 1, the screw will descend 
until wc arrive at a certain point 2 ; in proceeding from 2 
to 3 it will ascend. Thus, 2 is a point so situated that the 
parts of the screw on both sides of it ascend, and therefore if 
any body, as a ball, were placed in the tube at 2, it could not 
move in either direction without ascending. Again, the 
point 3, is so situated, that the tube on each side of it de- 
scends ; and as we proceed we find another point 4, which, 
like 2, is so placed, that the tube on both sides of it ascends, 
and, therefore, a body placed at 4, could not move without 
ascending. In like manner, there is a series of other 
points along the tube, from which it either descends or ascends, 
as is obvious by inspection. 

491. Now let us suppose a ball, less in size than the bore 
of the tube, so as to move freely in it, to be dropped in at 1. 
As the tube descends from 1 to 2, the ball of course will de- 
scend down to 2, where it will remain at rest. 



How may the principle of Archimedes' screw be readily illustrated 1 
Explain the manner in which a ball would ascend, fig. 100, bjr 
in'A the screw. ' ^ 
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Next, suppose the ball to be fastened to the tube at la, and 
suppose the screw to be turned nearly half round, so tliac the 
end 1 shall be turned downwards, and the point 2 brought 
nearly to the highest point of the curve 1, 2, 3. 

492. This movement of the spiral, it is evident, would 
change the positions of the ascending and descending parts, 
AS represented by fig. 101. 

The ball, which we Fig. 101. 

supposed attached to the 
lube, is now nearly at the 
iiighest point at 2, and if 
detached will descend 
down to 3, where it will 
rest. The point at which 
2 was placed in the first 
position of the screw is 
marked by b, in the second 
position. The effect of 
turning the screw, there- 
fore, will be to transfer 
the ball from the highest to the lowest point. Another half 
turn of the screw, will cause the ball to pass over another 
high point, and descend the declivity down to 5, in fig. 101, 
where it will again rest. 

493. It is unnecessary to explain the steps by which the 
ball would gain another point of elevation, since it is clear 
that by continuing the same process of action, and of reason- 
ing, it would be plain that the ball would be gradually 
transferred from the lowest to the highest point of the 
screw. 

Now all that we have said with respect to the ball, would 
be equally true of a drop of water in the tube ; and, there- 
fore, if the extremity of the tube were immersed in water, 
■o that the fluid, by its pressure or weight, be continuall}' 
forced into the extremity of the screw, it would, by making 
it revolve, be gradually carried along the spiral to any 
height to which it might extend. 

494. It will, however, be seen, from the above explana 
lion, that the tube must not be so elevated from the pomt oi 
immersion, that the spirals will not descend from one point 
to another, in which case it is obvious that the machine 



What is said concerning the inclination of the tube, in order to in- 
sure its action 1 

U 





, dtothasnoML A 

hwlwirtipn, Uienfinn damodnf <■ *^ ooam of ihs kimi 

miut be giran tha iMoliiiw, m older to aammia idia 

496. Iiut6adoflUtilM^od,WR|»WM FH-Mfc 

•ometimea tsiaed 'ly the anckah, by 
means of a rope, or bandle of lopts, as 
■howD at fiff. 102. 

This mode illtutratea, in a nry eirik- 
iog roanDer, the force of fiielian Mtween 
a flolid and fluid, for it wu by tUejforce 
alone, that the water waa mpputea and i 
elevated. ^ 

49G. The large wheel a, ia sopposed 
to stand over the well, and b, a naaller 
wheel, is fixed in the waiter. Tk» rope 
is extended between the two wlueU, and 
rises on one side in a peipeDdicokndirec- 
tion. Od tuTDing the wheel by tho crank 
d, the water is bronght up by the friction of the rope, and 
blling into a reserroil at tHe bottom of the frame whieb 
supports the wheel, is discharged at the spout d. 

It is evident that the motioa of the wheel, and cohk- 
quently that of the rope, must be very rapid, in order ts 
raise any considerable quantity of water by tais melhod. B\A 
when iho upward Telocity of the rope is eight or tea feet 
per second, a laree quantity of water may be elevated lo i 
considerable height by this machina 

497, Barkei's Mill. — For the different made* of if^ 
ing water as a power for driTioff mills, and othor asafci 
purposes, we must refer the reacbr to works od pnetis. 
mechanics. There is, howerer, one method of taming Mfr 
chinery by water, invented by Dr. Barker, which bsmdly 
a philosophical, and at the same time a most cnnooi inw 
tion, and therefore is properly introdaced^vrei " 

Explain in what mnniieTiralaT is raised t^diSBatldM npidMla 
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498. This machine is called 
BarkeT's centrifugal mill, and 

such parts of it as are necessary to 
understand the principle on which 
It acts are represented by fig. 
103. 

The upright cylinder a, is a 
Cube which has a funnel shaped 
mouth, for the admission of the 
stream of wn'er from the pipe h 
T^his tube is six or eight inches in 
diameter, and may be from ten to 
twenty feet long. The arms n 
and 0, are also tubes communicat- 
ing freely with the upright one, 
from the opposite sides of which 
they proceed. The shaft d, is 
firmly fastened to the inside of the 
tube, openings at the same time 
being left for the water to pass to 

the arms o and n. The lower part of the tube is solid, and 
turns on a point resting on a block of stone or iron, c. 
The arms are closed at their ends, near which are the ori- 
fices on the sides opposite to each other, so that the water 
spouting from them, will fly in opposite directions. The 
stream from the pipe h, is regulated by a stopcock, so as to 
keep the tube a constantly full without overflowing. 

To set this engine in motion, suppuwe the upright tube to 
be filled with water, and the arms n and o, to be given a 
slight impulse ; the pressure of the water from the perpen- 
dicular column in the large tube will give the fluid the ve- 
locity of discharge at the ends of the arjps* proportionate to 

N its height. The reaction that is produced by the flowing 
of the water on the points behind the discharging orifice, 
will continue, and increase the rotatory motion thus begun. 
After a few revolutions, the machine will receive an addi- 
tional impulse by the centrifugal force generated in the 
arms, and in consequence of this, a much more violent and 
rapid discharge of the water takes place, than w^ould occur 
by the pressure of that in the upright tube alone. The cen- 
trifugal force, and the force of the discharge thus acting 
at the same lime, and each increasing the force of the 



What is fig. 103 intended to represent 1 Describe this mill 
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Other, this machine revolves with great velocity and pro* 
portionate power. The friction which it has to overcome^ 
when compared with that of other machines, is very slight; 
being chiefly at the point c, where the weight of the upriglA 
tube and its contents is sustained. 

By fixing a cog wheel to the shaft at d, motion may be 
given to any kind of machinery required. 

499. Where the quantity of water is smal], but its height 
considerable, this machine may be employed to great advan- 
tage, it being under such circumstances one of the most 
powerful engines ever invented. 
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500. The term Pneumatics is derived from the Greek 
pneuma, which signifies breathy or air. It is that scioice 
which investigates the mechanical properties of air, and 
other elastic fluids. 

Under the article Hydrostatics, (420,) it was stated that 
fluids were of two kinds, namely, elastic and non-elastic, 
and that air and the gases belonged to the first kind, while 
water and other liquids belonged to the second. 

501. The atmosphere which surrounds the earth, and in 
which we live, and a portion of which we take into our 
lungs at every breath, is called air, while the artificial pro- 
ducts which possess the same mechanical properties, are 
called gases. 

When, therefore, the word air is used, in what followsi 
it will be understood to mean the atmosphere which we 
breathe. 

502. Every hollow, crevice, or pore, in solid bodies, not 
filled with a liquid, or some other substance, appears to be 
filled with air : thus, a tube of any length, the bore of which 
is as small as it can be made, if kept open, will be filled 
with air ; and hence, when it is said that a vessel is filled 
with air, it is only meant that the vessel is in its ordinary 
state. Indeed, this fluid finds its way into the most minute 
pores of all substances, and cannot be expelled and kept out 
of any vessel, without the assistance of the air-pump, or 
some other mechanical means. 

503. By the elasticity of air, is meant its spring, or the 

What is pneumatics 1 What is air 1 . What is gas 1 What is meant 
when it is said that a vessel is filled with air? Is there any difficulty in 
expelling the air from vessels'? What is meant by the elasticity of aii 1 
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the force with which it re-acts, when compressed in a close 
vessal. It is chiefly in respect to its elasticity and lightness, 
that the mechanical properties of air differ from those of 
^vater, and other liquids. 

504. Elastic fluids differ from each other m respect to the 
permanency of the elastic property. Thus, steam is elastic 
only while its heat is continued, and on cooling, returns 
again to the form of water. 

505. Some of the gases also, on being strongly compress- 
ed, lose their elasticity, and take the form of liquids. But 
air differs from these, in being permanently elastic ; that is, 
if it be compressed with ever so much force, and retained 
under compression for any length of time, it does not there- 
fore lose its elasticity, or disposition to regain its former 
bulk, but always re-acts with a force in proportion to the 
power by which it is compressed. 

506. Thus, if the strong tube, or barrel, ^g. 
104, be smooth, and equal on the inside, and 
there be fitted to it the solid piston, or plug a, 
so as to work up and down air tight, by the 
handle b, the air in the barrel may be com- 
pressed into a space a hundred times less than 
Its usual bulk. Indeed, if the vessel be of suf- 
ficient strength, and the force employed suffi- 
ciently great, its bulk may be lessened a thou- 
sand times, or in any proportion, according to 
the force employed ; and if kept in this state for 
years, it will regain its former bulk the instant 
the pressure is removed. 

Thus, it is a general principle in pneumatics, 
that air is compressible in proportion ^o the force 
employed. 

507. On the contrary, when the usual pressure of the at- 
mosphere is removed from a portion of air, it expands and 
occupies a space larger than before; and it is found by ex- 
periment, that this expansion is in a ratio, as the removal ol 
the pressure is more or less complete. Air also expands or 
increases in bulk, when heated. 

If the stop-cock c, fig. 104, be opened, the piston a may 
be pushed down with ease, because the air contained in the 
barrel will be forced out at the aperture. Suppose the pis^ 

How docs air differ from steam, and some of the gases, in respect to 
its elasticity 1 Does air lose its elastic force by being long^ compressed 1 
fn what proportion to the force employed is tnc bulk of air lessened 1 

11* 
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ton to bo pushed clown to within an inch of the bottom, and 
then the stop-cock closed, so that no air can enter below it 
Now, on drawing tlie piston up to the top of the barrel, tlie 
inch of air will expand, and fill the whole space, and were 
this spaco a thousand times as large, it would still be filled 
with tli(; expanded air, because the piston removes the press^ 
uvo of tlu- external atmosphere from that within the barrel. 

It follows, therefore, that the space which a given portioD 
of air occupies, depends entirely on circumstances. If it is 
under pressure, its bulk will bo diminished in exact propor- 
lion ; and as the pressure is removed, it will expand in pro- 
portion, so as to occupy a thousand, or even a million times 
ns much space as before. 

508. An«)ther property which air possesses is weight, or 
gravity. This prop<Tty, it is obvious, must be slight, when 
compared with the weight '^f other bodies. But that air has 
a certain degree of jjravity m common with other ponderous 
substances, is proved by direct experiment. Thus, if the air 
be pump«:d out of a close vessel, and then the vessel be ex 
actly Weighed, it will be found to weigh more when the ail 
is aijain admitted. 

5()1>. Prfssiire of the Atmosphere. — It is, however, the 
weight of the atmosphere which presses on every part of 
the. earth's surface, and in Avhich we live and move, as in 
an ocean, that hero particularly clfiims our attention. 

The pre.'-snre of the atmosphere may be easi- Fig. 105. 
ly shown by the tube and piston, fig. 105. 

Suppose there is an orifice to be opened or 
closed by the valve />, as the piston a is moved 
up or down in its barrel. The valve being fast- 
ened by a hinge on the upper side, on pushing 
the ])iston down, it will open by the pressure of 
the air against it, and the air will make its escape. 
But when the piston is at the bottom of the bar- 
rel, on attempting to raise it again, towards the 
top, the valve i.s closed by the force of the exter- 
nal air acting nj»oii it. If, therefore, the piston 
be drawn up in this state, it must be against the 
pressure of the atmosphere, the whole weight of 




In v/hat proportion will a quantity of air increase in bulk as th* 
pressure is removed from it 1 liow is thus illustrated by fig. 1(H 1 On 
what circumstimce, therefore, will the bulk of a given portion of ait 
deoend 1 How is it proved that air has weight ? Explain in what 
manner the pressure of the atniosphcrc is shown by fig. 105. 
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which, to an extent equal to the diameter of the piston, must 
be lifted, while there will remain a vacuum or void space 
below it in the tube. If the piston he only three inches in 
dia^neter, it will require the full strength of a man to draw 
it to the top of the barrel, and when raised, if suddenly let 
go, it will be forced back again by the weight of the air, 
and will strike the bottom with great violence. 

510. Supposing the surface of a man to be equal to 14 J 
square feet, and allowing the pressure on each square inch 
to be 15lbs., such a man would sustain a pressure on his 
whole surface equal to nearly 14 tons. 

511. Now, that it is the weight of the atmosphere which 
presses the piston down, is proved by the fact, that if its di- 
ameter be enlarged, a greater force, in exact proportion, will 
be required to raise it. And further, if when the piston is 
drawn to the top of the lube, a stop-cock, as at fig. 104, be 
opened, and the air admitted under it, the piston will not be 
forced down in the least, because then the air will press as 
much on the under, as on the upper side of the piston. 

512. By accurate experiments, an account of which it is 
not necessary here to detail, it is found that the \'eight of 
the atmosphere on every inch square of the surface of the 
earth is equal to fifteen pounds. If, then, a piston working 
air tight in a barrel, be drawn up from its bottom, the force 
employed, besides the friction, will be just equal to that re- 
quired to lift the same piston, under ordinary circumstances, 
with a weight laid on it equal to fifteen pounds for every 
square inch of surface. 

513. The number of square inches in the surface of a 
piston of a foot in diameter, is 113. This being multiplied 
oy the weight of the air on each inch, which being 15 
pounds, is equal to 1695 pounds. Thus the air constantly 
presses on every surface, which is equal to the dimensions of 
a circle one foot in diameter, with a weight of 1695 pounds 

Air Pump. 

514. The air pump is an engine by which the air can be 
pumped out of a vessel, or withdrawn from it. The vessel 

^ What is the force pressing on the pislon, when drawn upward, some- 
times called 1 How is it proved that it is the weight of the atmosphere, 
instead of suction, which makes the piston rise with difficulty 1 What 
18 the pressure of the atmosphere on every square inch of surface on 
tbe earth 1 What is the number of square inches in a circle of one foo^ 
la diameter 1 Whaf is the weight of the atmosphere on a surface of 
'oot in diameter 1 What is the air pump 1 
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80 exhausted, is called a receiver^ and the space thus left in 
the vo8S(^l, afior withdrawing the air, is called a vacuum. 

The principlos on which the air pump is constructed are 
road 11 y undorstoodf and are the same in all instruments of 
this kind, though the form of the instrument itself is often 
considerably modified. 

515. The general principles of its construction will be 
comprchondod by an explanation of fig. 106. In this figure, 



Fig. 106. 




let nr bo a glass vessel, or receiver, 
closed at the top, and open at the 
bottom, standing on a perfectly 
smooth surface, which is called the 
plate of the air pump. Through 
the plate is an aperture, a, which 
communicates with the inside of 
the receiver, and the barrel of the 
pump. The piston rod, p, works 
air tiirht throuijh the stuffed collar, 
r, and the piston also moves air 
ti^^'ht through the barrel. At the 
extremity of the barrel, there is a 
valve <;, which opens outwards, and 
is closed with a spring. 

.510. Now siippo-sc the piston to be drawn up to c, it will 
then leavf' a fr( e communication between tho receiver^, 
through the orifice a, to the pump barrel in which the pis- 
ton works. Then if the piston be forced down by its ban 
die, it will comprej's the air in the barrel between d and e, 
and, in consequence, the valve e will be opened, and the air 
so condensed will be forced out. On drawing the piston up 
again, the valve will bo closed, and the external air not be- 
ing permitted to enter, a vacuum.?will be formed in the bar- 
rel, from {^ to a liillo above d. When the piston comes again 
to r, the air contained in the glass vessel, together with that 
in th(^ passasTo between the vessel and the pump barrel, will 
rush in to fill the vacuum. Thus, there will be less air in 
the whole space, and consequently in the receiver, than at 
first, because all that contained in the barrel is forced out at 
every stroke of the piston. On repeating the same process. 



What is the rcccivnr of an air pump 7 What is a vacirami In fig. 
lOG, which is the receiver of the air pump *? When the piston is pressed 
down, what quantity of air is thrown out 1 When the piston is dratia 
Uf>, what is fonned iu tlie barrel 1 How is this vacuiun again &M 
— ith air? 
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ihat u, drawing up and forcing down the piston, the air at 
each time in the receiver, will become less and less in quan- 
tity, and, in consequence, more and more rarefied. For ft 
must be understood* that although the air is exhausted at 
every stroke of the pump, that which remains, by its elas- 
ticity, expands, and still occupies the whole space. The 
quantity forced out at each successive stroke is therefore di 
minished, until, at last, it no longer has sufficient force be 
fore the piston to open the valve, when the exhausting pow 
er of the instrument must cease entirely. 

Now, it will be obvious, that as the exhausting power of 
the air pump depends on the expansion of the air within it, 
a perfect vacuum can never be formed by its means, for so 
long as exhaustion takes place, there must be air to be forced 
out, and when this becomes so rare as not to force open the 
valves, then the process must end. 

517. A good air pump has two similar pumping barrels 
to that described, so that the process of exnaustion is per- 
formed in half the time that it could be performed by one 
barrel. 

The barrels, with their Fig 107. 
pistons, and the usual 
mode of working them, 
are represented by fig. 
107. The piston rods are 
furnished with racks, or 
teeth, and are worked by 
the toothed wheel o^ 
which is turned back- 
wards and forwards, by 
the lever and handle h. 
The exhaustion pipe, c, 
leads to the plate on 
which the receiver 
stands, as shown in fig. ^ 
107. The valves v, n, u, "^Jv^ 
and m, all open upwards. 

618. To understand how these pistons act to exhaust the 
air from the vessel on the plate, through the pipe c, we will 
suppose, that as the two pistons now stand, the handle b is 
to be turned towards the lefl. This will raise the piston A, 

Is the air pump capable of producing a perfect Tacuum 1 Why do 
OMnmon air pumps have more than one barrel and piston 1 How are 
tlw pistons (n an air pump worked 1 
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while the viilvc u will be closed by the pressure of the ex- 
ternal air actinnr on it in the open barrel in which it worki. 
There would then be a vacuum formed in this barrel, did 
not the valve m open, and let in the air coming from the re- 
ceiver, through the pipe c When the piston, therefore, is 
at the upper end of the barrel, the space between the piston 
and the valve 7rt., will be filled with the air from the receiver. 
Next, suppose the handle to be moved to the right, the pis- 
ton A will then doscond, and compress the air with which 
the barrel is fillid, which, acting against the valve v, forces 
it open, and thus the air escapes. Thus, it is plain, that 
every time the piston rises, a portion of air, however rare- 
fied, enters the barrel, and every time that it descends, thii 
portion escapes, and mixes with the external atmosphere. 

I'he action of the other piston is exactly similar to this, 
only that B rises while A falls, and so the contrary. It will 
appear, on an inspection of the figure, that the air cannot 
pnss from one barrel to the other, for while A is rising, and 
the valve m is open, the piston B will be descending, so 
that the force of the air in the barrel 5, will keep the val?e 
n closed. Many interesting and curious experiments, illus- 
trating the expansibility and pressure of the atmosphere, are 
shown by this instrument. 

519. If a withered apple be placed under the receiver, 
and the air is exhausted, the apple will swell and become 
j)luirip, in consoqiience-of the expansion of the air which il 
contains within the skin. 

520. Ether, ])lacpd in the same situation, soon begins to 
boil without the influence of heat, because its particles, not 
havin^r the pressure of the atmosphere to force them toge 
iher, fly off with so much rapidity as to produce' ebul- 
lition. 

The. Condenser. 

521. The operation of the condenser is the reverse of that 
of the air pump, and is a much more simple machine. The 
air pump, as we have just seen, will deprive a vessel of its 
ordinary quantity of air. The condenser, on the contrary. 

While the piston A is ascending, which valves will be open, and 
which closed 1 When the piston A descends, what becomes of the aii 
with which its barrel was filled 1 Why does not the air pass from one 
barrel to the other, through the valves m and n'i Why does an appl« 
placed in the exhausted receiver grow plump 1 Why does ether boif la 
the same situation 1 How does the condenser operate 1 
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ivill double or treble the ordinary quantity of air in a close 
vessel, according to the force employed. 

This instrument, fig. 108, consists of » pump Fig. 1 08. 
barrel and piston a, a stop-cock b, and the vessel 
c furnished with a valve opening inwards. The 
orifice d is to admit the air, when the piston iy" 
drawn up to the top of the barrel. 

522. To describe its action, let the piston be 
above d, the orifice being open, and therefore 
the instrument filled with air, of the same den- 
sity as the external atmosphere. Then, on 
forcing the piston down, the air in the pump 
barrel, below the orifice d, will be compressed, 
and will rush through the stop-cock Z>, into the 
vessel c, where it will be retained, because, on 
again moving the piston upward, the elasticity 
of the air will close the valve through which it 
was foBced. On drawing the piston up again, 
another portion of air will rush in at the orifice 
dt and on forcing it down, this will also be driven into the 
vessel c; and this process may be continued as long as 
sufficient force is applied to move the piston, or there is suf- 
ficient strenijth in the vessel to retain the air. When the 
condensation is finished, the stop-cock h may be turned, to 
render the confinement of the air more secure. 

523. The magazines of air ^z^njf are filled in the man- 
ner above described. The air gun is shaped like other 
guns, but instead of the force of powder, that of air is em- 
ployed to project the bullet. For this purpose, a strong 
hollow ball of copper, with a valve on the inside, is screw- 
ckI to a condenser, and the air is condensed in it, thirty or 
forty times. This ball or magazine is then taken from the 
conaenser, and screwed to the gun, under the lock. By 
means of the lock, a communicatix)n is opened between the 
magazine, and the inside of the. gun-barrel, on which the 
spring of the confined air against the leaden bullet is such, 
as to throw it with nearly the same force as gunpowder. 



E^]r>lain fig. 108, and show in what manner the air -s condensed 
filzploin the principle of the air gun. 
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524. Suppose a, fig. 109, to be a long tube, 
with the piston b so nicely fitted to ita inside, 
as to work air tight. If the lower end of the 
lube be dipped into water, and the piston drawn 
up by pulling at the handle c, the water will 
follow the piston so closely, as to be in contact 
with its surface, and apparently to be drawn up 
by ihe piston, as though the whole was one 
solid boiiy. If the tube be thirty-five feet long, 
the water will continue to follow the piston, 
until it comes to the height of about thirty- 
throe feet, where it will stop, and if the piston 
he drawn up still farther, the water will not 
follow it, but will remain stationary, the sipace 
from this height, between the piston and the 
water, being left a void space, or vacuum. 

525. The rising of the water in the above 
case, which only involves fee principle of the 
common pump, is thought by some to be 
caused by suction, the piston sucking up the 
water as it is drawn upward. But according 
to the common notion attached to this term, there is no rea- 
son why the water should not continue to rise above the 
thirty-three feet, or why the power of suction should cease 
at that point, rather than at any other. Without entering 
into any discussion on the absurd notions concerning the 
power of suction, it is sufficient here to state, that it has long 
since been proved, that the elevation of the water, in the 
case above described, depends entirely on the weight and 
pressure of the atmosphere, on that portion of the fluid 
which is on the outside of the tube. Hence, when the pis- 
ton is drawn up, under circumstances where the air cannot 
act on the water around the tube, or pump barrel, no eleva- 
tion of the fluid will follow. This will be obvious, by the 
following experiment. 

Suppose the tube, fio;. 109, to stand with its lower end in the water, 
and the piston a to be drawn upward thirtjr-five feet, how far will the 
water follow the piston 1 What will remain in the tube between the 
piston and the water, after the piston rises higher than thirty-three 
feet 1 What is commonly sunoosed to make the water rise m such 
cases 1 Is there any reason wny the suction should cease at 33 feetl 
What is the true cause of the elevation of the water, when the piMo]^ 
fig. 109 is drawn up 1 
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526, Suppose %. 110 lo be [he aeclions, or Fig. 110. 

halves, of two tubes, one within the other, the ~ 
outer one being made entirely close, so as to ad- 
mit no air, and the space between the two being 
also made air tight at the lop. Suppose, also, that 
the inner tube being left open at the lower end, 
does not reach the bottom of the outer tube, and^ 
thus that an open space be left between the two 3^ 
tubes every where, escept at their upper ends, 
where they are fastened together ; and suppose 
that there is a valve in the piston, opening up- 
wards, so as to let the air which it contains es- 
cape, but which will close on drawing the piston 
upwards. Now, let the piston he at a, and ii 
this state pour water through the slop-cock, c, un 
til the inner tube is filled up by the piston, and the | 
space between the two tubes hlled up to the sa 
point, 'and then let the stop-cock be closed. 
DOW the piston he drawn up to the top of the I 
tube, the water will not follow it. as in tlie case H 
first described ; it will only rise a few inches, i 
consequence of the elasticity of the air above the | 
water, between ihe tubes, and in the space above | 
the water, there will be formed a vacuum be- - 
tween the water and the piston, in the inner tube. 

527. The reason why the result of this ejtperiment dif- 
lers from that before described, is, that the outer tube pre- 
vents the pressure of the atmosphere from forcing the water 
up the inner tube as the piston rises. This may be instantly 
proved, by opening the stop-cock c, and permitting the air 
to press upon the water, when it will be found, that as the 
air rushes in, the water will rise and fill the vacuum, up to 
the piston. 

For '.he same reason, if a common pump be placed in a 
cistern of water, and the water is frozen over on its surface, 
BO that no air can press upon the fluid, the piston of the 
pump might be worked in vain, for the water would not, as 
nsnal, obey its motion. 

52S. It follows, as a certain conclusion from such experi- 

How ia it ihown by E°. 110, (hat it is the pressure of the atmoa- 
pboie which CMiaes the water to rise in the pump barrel 1 Suppose the 
■CO inev«itU the atmodphere from pressing on the water in a. vessel, cpn 
the water be pumped out 1 What conclusion Mlows from the eiperi- 
Mwto mbove dMciibed 1 
12 
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meniH, that when the lower end of a tube is p tacad in mttt 
an'l ihc nir frotn withia removed bv drawing' up the pittoi, 
that it is ttiu prtissure of the atmosphere on the water aroniJ 
ihu tubi:. whicli forrca the fluid up to till the space thus lell 
by ih« nir. It is also proved, that the weighC or presmrt 
01 till' ntmosplxtre. is equal to the weight of a perpendicDk 
coltimii of wnlcr 33 firt hirh, for it is found (fig-. 109] thn 
thf prt'sstiru of lh« ntinospnere will not raise the waia 
inori: ihnn 33 fuel, though a perfect vacuum be foTisetl to 
any licii^ht alnvc this point, ExperimentB on other fluiJi, 
prove t hilt this is the weight of the atmosphere, for if ike 
I'nd of a tiibi! be dipped in any fluid, and the air bo remored 
froiJi ilin tube, above the fluid, it will rise to a g'reatetorlHi 
hi'ii;!it than water, in proportion aa its specific grorttyii 
less or greati^r than that of water. 

r>J.t. Mffcury, or quicknlvtr, has a specific gravity of 
iihoiit I3j timts (rreati-r than that of ivalur, and mercury ii 
fniind to risi- iibout 2'.) inches in a tube under the same cirenni- 
rtini-es that water rises 33 feet. Now, 33 feel is 396 inches, 
which beiiiit divided by 29, gives nearly 13J, so that niK- 
piiry being 13^ times heavier than water, the water will riia 
iindiT tlii-'snifi' pressure 13^ times higher than the mercury. 

.'■i3i). Comliuclion of the BaromtUr. — The baTomcUris 



pri^S: 



"((nI on the principle of atmosphi 
which we have thus end( 



I red 



Fig. 111. 



1 illustrate to common compre- 
ln?ii^iiin. This term is compounded of two 
(Iri'ck word?, baron, weight, and melron, 
mi'afuri', thi; instrument being designed to 
incnMim iho weight of the atmosphere. 

It^ construction is simple, and easily 
undiirstiiud, being merely a tube of glass, 
ncnrlv filli'd with morciiry, with its lower 
rml likiced in a dish of the same tluid. and 
the iip|icr end furnished with a scale, to 
ine;is!ir<> the height of the mercury. 

531. T.<et «, lig. lll.bo sueha tube, 34or fiU 
S'l iochf-s long, closrd at one end, and open 
«t the olhiT. To fill the luhn, set it upright. 



un other iluicl.-i sliow thnt ihc pressuTO of the almnaphere is equal lotta 
weight of nciiluninof wnLcr, 33 feet hight How high doe* marcarr 
rise Ml on eihuusird labe 1 What is lUe principle on which iLe b«- 
Tomelrr iscoiiKlniRted? "W hat does tliebaromelermeoMirel Doaenbi 
the construction of the barometer, o^ rciirescm^ by ig. Ill, 
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aiid pour the mercury in at the open end, and when it is en- 
tirely full, place the fore finger forcibly on this end, and 
then plunge the tube and finger under the surface of the 
mercury, before prepared in the cup b. Then withdraw the 
finger, taking care that in doing this, the end of the tube is 
not raised above the mercury ia the cup. When the finger 
is removed, the mercury will descend four or five inches, 
and afler several vibrations, up and down, will rest at an 
elevation of 29 or 30 inches above the surface of that in the 
cup, as at c. Having fixed a scale to the upper part of the 
tube, to indicate the rise and fall of the mercury, the ba- 
rometer would be finished, if intended to remain stationary. 
It is usual, however, to have the tube enclosed in a mahoga- 
ny or brass case, to prevent its breaking, and to have the cup 
closed on the top, and fastened to the tube, so that it can be 
transported without danger of spilling the mercury. 

532. The cup of the portable barometer also differs from 
that described, for were the mercury enclosed on all sides, 
in a cup of wood, or brass, the air would be prevented from 
acting upon it, and therefore .the instrument would be use- 
lesa To remedy this defect, and still have the mercury 
perfectly enclosed, the bottom of the cup is made of leather, 
vrhich, being elastic, the pressure of the atmosphere acts 
upon the mercury in the same manner as though it was not 
enclosed at all. Below the leather bottom, there is a round 
plate of metal, an inch in diameter, which is fixed on the 
top of a screw, so that when the instrument is to be trans- 
ported, by elevating this piece of metal, the mercury is 
thrown up to the top of the tube, and thus kept from playing 
backwards and forwards, when the barometer is in motion. 

533. A person not acquainted with the principle of the 
instrument, on seeing the tube turned bottom upwards, will 
be perplexed to understand why the mercury does not fol- 
low the common law of gravity, and descend into the cup ; 
were the tube of glass 33 feet high, and filled with water, 
the lower end being dipped into a tumbler of the same fiuid, 
the wonder would be still greater. But as philosophical 
&cts, one is no more wonderful than the other, and both are 
readily explained by the principles above illustrated. 

How is the cup of the portable barometer made, so as to retain the 
mercury, and still allow the air to press upon it 1 What is the use of the 
metallic plate and screw, under the bottom of the cupl Explain the rea- 
mn why the mercury does not fall out of the barometer tube, when ita 
open end ii downwards. 
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534. It has already been shown, (528,) that it is tbe 
pressure of the atmosphere on the fluid around the tube, by 
which the fluid within it is forced upward, when the pump 
is exhausted of its air. The pressure of the air, we have 
also seen, is equal to a column of water 33 feet high, or of 
a column of mercury 29 inches high. Suppose, then, a tube 
33 feet high is fllled with water, the air would then be en- 
tirely excluded, and were one of its ends closed, and the 
other end dipped in water, the eflfect would be the same as 
though both ends were closed, for the water would not escape, 
unless the air were permitted to rush in and fill up its place. 
The upper end being closed, the air could gain no access in 
that direction, and the open end being under water, is equal- 
ly secure. The quantity of water in which the end of the 
tube is placed, is not essential, since the pressure of a col- 
umn of water, an inch in diameter, provided it be 33 feet 
high, is just equal to a column of air of an inch in diameter, 
of the whole height of the atmosphere. Hence the water 
on the outside of the tube serves merely to guard against 
the entrance of the external air. 

535. The same happens to the barometer tube, when fill- 
ed with mercury. The mercury, in the first place, fills the 
tube perfectly, and therefore entirely excludes the air, so 
that when it is inverted in the cup, all the space above 29 
inches is left a vacuum. The same eflfect precisely would 
be produced, were the tube exhausted of its air, and the 
open end placed in the cup ; the mercury would run up the 
tube 29 inches, and then stop, all above that point being left 
a vacuum. 

The mercury, therefore, is prevented from &lling out of 
the tube, by the pressure of the atmosphere on that which 
remains in the cup ; for if this be removed, the air will enter, 
while the mercury will instantly begin to descend. 

536. In the barometer described, the rise and foil of the 
mercury is indicated by a scale of inches, and tenths of 
inches, fixed behind the tube ; but it has been found, that 
very slight variations in the density of the atmosphere, are 
not readily perceived by this method. It being, however, 
desirable that these minute changes should be rendered more 
obvious, a contrivance for increasing the scale, called the 
wheel barometer, was invented. 

What fills the space above 29 inches, in the barometer tube 1 In tbe 
common barometer, how is the rise and fall of the mercury indicnted ^ 
Why was the wheel barometer inventeH 7 
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637. The whole length of the tube of the Fig. 112. 
wheel barometer, fig. 112, from c to a, is 34 q 
or 35 inches, and it is filled with mercury, as 
asiial. The mercury rises in the short leg to 
the point o, where there is a small piece of 
glass floating on its surface, to which there is 
attached a silk string, passing over tfae pulley 
p. To the axis of the pulley is fixed an index, 
or hand, and behind this is a graduated circle, 
as seen in the figure. It is obvious, that a very 
slight variation in the height of the mercury 
at o, will be indicated by a considerable mo- 
tion of the index, and thus changes in the 
weight of the atmosphere, hardly perceptible 
by the common barometer, will become quite 
apparent by this. 

538. The mercury in the barometer tube 
being sustained by the pressure of the atmo- 
sphere, and its medium altitude at the surface 
of the earth being about 29 inches, it might be expected 
that if the instrument was carried to a height from the earth's 
surface, the mercury would suffer a proportionate fall, be- 
cause the pressure must be less at a distance from the earth, 
than at its surface, and experiment proves this to be the 
case. When, therefore, this instrument is elevated to any 
considerable height, the descent of the mercury becomes 
perceptible. Even when it is carried to the top of a hill, 

j.qr hi™ tower, there is a sensible depression of the fluid, so 
that the barometer is employed to measure the height of 
mountains, and the elevation to which balloons ascend from 
the. surface of the earth. On the top of Mont Blanc, which 
is about 16,000 feet above the level of the sea, the medium 

. elevation of the mercury in the tube is only 14 inches, while 
on the surface of the earth, as above stated, it is 29 inches. 

539. The medium range of the barometer in several 
countries, has generally been stated to be about 29 inches. 
[t appears, however, from observations made at Cambridge, 




Explain fig. 106, and describe the construction of the wheel barome- 
ter. What is stated, to be the medium range of the barometer at the 
surface of the earth 1 Suppose the instrument is elevated from the 
earth, what is the effect on the mercury *? How does the barometer in- 
dicate the heis^hts of mountains 1 What is the medium range of the 
mercury on Mont Blanc 1 What is stated to be the medium range of 
the barometer at Cambridge 1 
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in Maawehiuetts, fcr the Mm of 9St jmM% thttt im wm^ 

diere was nearly 30 inchee. 

540. ITie 0/ <4e B«fmMl0r.---Wliile the buMMCer iludi 
in the same place, near the letel of the ma, the mtmrnf 
ieldom or never &lls below 28 inches, or rieee abore SI 
inches, its whole range, while etationaTy, being only abetf 
8 inches. ■ .^. 

These changes in the wei|hft of the atmo^heie^ indicate 
corresponding changes in tne weather, tot it it fimnd, bj 
watching these Tariationa in the height of the mercary, tbt 
when it fidls, cl^dy or fiJling weather ensiiea, and Unt 
when it rises, fine dear weather may be expected. Dormg 
the time when the weather is damp and lowerioff, and Ae 
smoke of chiimieys descends towanis the grouiid^ the mo" 
cury remains cLepressed, indjcatin|[ that the weight o1 die 
atmosphere, during such weather, is less then it ie when the 
sky is clear. This contradicts the common opinion, lint 
the air is the heaviest, when it contains the greateet qnaalilj 
of fog and smoke, and that it is the nneommoD weig^ of dia 
atmosphere which presses these vaponrs towarde the gionDiL 
A little consideration will show, that in this caee the pojpnhf 
belief is erroneous, for not only the barometer, but ell dw 
experiments we have detailed on the subject of apecilie gitr 
ity, tend to show that the lightcff any finid is, the dbeper sat 
substance of a given weight will smk in it Common ob- 
servation ought, therefore, to correct the error, for eveiy 
body knows that a heavy body will sink in water wUbi 
light one will swim, and by the same kind of TnesnnM| 
ought to consider, that the particles of vapour woaUS 
scend through a light atmosphere, while they wodd be 
pressed up into the his/her rejnons, by a heavier air. 

541. The principal use of the barometer is on board of 
^hips, where it is employed to indicate the 'approach of 
storms, and thus to give an opportunity of prepanogaccoid* 
ingly ; and it is found that tne mercury siimrs a most re- 
markable depression before the approach of violent windi^ 
or hurricanes. The watchful captain, particularly in strath^ 
em latitudes, is always attentive to this monitor, and when 



How many inches does a fixed barmnetor vary in hajg htt 
the mercury falls, what kind of weather is indieatod 1 Wliaa lbs 
cury rises, what kind of weather may be expected 1 When Ibg airf 
smoke descend towards the ground, is it a sig;n of a U^^ or haavy ■•• 
mospherc 1 By what analogy is it shown that the air is li ghta s t wiM 
filled with vapour 1 Of what use is the barometer, on bocua <>f sidipil 
When dues the mercury suffer tlbn movit. »--"- ^ *- - 
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he observes the mercury to sink suddenly, takes his meas- 
ures without delay to meet the tempest. During a vioient 
storm, we have seen the wheel barometer sink a hundred 
degrees in a few hours. But we cannot illustrate the use 
of this instrument at sea better than to give the following 
extract from Dr. Arnot, who was himself present at the time. 
" It was," he says, " in a southern latitude. The sun had just 
set with a placid appearance, closing a beautiful afternoon, 
and the usual mirth of the evening watch proceeded, when 
the captain's orders came to prepare with all haste for a 
storm. The barometer had begfun to fall with appalling 
rapidity. As yet, the oldest sailors had not perceived even 
a threatening in the sky, and were surprised at the extent 
and hurry of the preparations ; but the required measures 
were not completed, when a more awful hurricane burst 
upon them, than the most experienced had ever braved. 
Nothing could withstand it ; the sails, already furled, and 
closely bound to the yards, were riven into tatters ; even the 
Dare yards and masts were in a great measure disabled ; and 
at one time the whole rigging had nearly fallen by the 
board. Such, for a few hours, was the mingled roar of the 
hurricane above, of the waves around, and the incessant 
peals of thunder, that no human voice could be heard, and 
amidst the general consternation, even the trumpet sounded 
in vain. On that awful night, but for a little tube of mer- 
cury, which had given the warning, neither the strength of 
the noble ship, nor the skill and energies of her commander, 
pould have saved one man to tell the tale." 

Pumps. 

542. There is a philosophical experiment, of which no 
one in this country is ignorant. If one end of a straw be 
introduced into a barrel of cider, and the other end sucked 
with the mouth, the cider will rise up through the straw, 
and may be swallowed. 

The principles which this experiment involves are exactly 
the same as those concerned in raising water by the pumpi 
The barrel of cider answers to the well, the straw to the 
pump log, and the mouth acts as the piston, by which the 
air is removed. 

543. The efficacy of the common pump, in raising water, 

What remarkable instance is stated, where a ship seemed to be laved 
by the use of the barometer 1 What experiment is stated, as illuaCni^ 
ting the principle of the common pump 1 



140 



puap. 



Fig. 113. 



depends upon the principle of atmospheric pressure, wk^el) 
iias been fully illustrated under the articles air pump an6 
barometer. 

544. These machines are of three kinds, namely, the 
sucking, common pump, the lifting pump, and the forcing 
pump. 

C)i these, the common or household 
pump is the most in use, and for ordi- 
nary purposes, the most convenient. It 
consists of a long tube, or barrel, called 
the pump log, which reaches from a 
few feet above the ground to near the 
DOttom of the well. At a, fig.' 11 3, is a 
valve, opening upwards, called the pump 
box. When the pump is not in action, 
this is always shut. The piston b, has 
an aperture through it, which is closed 
by a valve, also opening upwards. 

By th«^ pupil who has learned what 
has been explained under the articles air 
pun^p, and barometer, the action of this 
machine will be readily understood. 

545. Suppose the piston b to be do^v^l 
to a, then on depressing the lever c, a vac.uum wonld be 
formed b« tween a and b, did not the water in the well rise, 
in constquence of the pressure of the atmosphere on thai 
around the j)un)p lo2f in the well, and take the place of the 
air thus rt'niov( d. Then, on raising the end of the lever, 
the valve a closes, becjiuse the water is forced upon it, in 
consequencti of the descent of the piston, and at the same 
time the valve in the piston b opens, and the water, which 
cannot descend, now passes above the valve b. Next, on 
raisins: the piston, by again depressing the lever, this pop 
tion of water is lifted up to b, or a little above it, while an- 
other portion rushes through the valve a to fill its place. 
After a few strokes of the lever, the space from the piston b 
to the spout, is filled with the water, where, on comin'iing 
to work the lever, it is discharged in a constant stream. 




On what docs the action of the common pump depend *? How many 
kinds of pumps are mentioned 1 Which kind is the common 1 Describe 
the common pump. Explain how the common pump acts. When the 
'ever is drpressed, what takes place in the pump barrel? When the 
lever is elevated, what takes place 1 How far is the water raised by at- 
mospheric pressure, and how fai by \\^\ti^'\ 
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Althougl), in common language, thia ts called the snntDa 
pump, slilT it will be observ^, that the water is eleraied by 
sKclwit, or, in more philosophical terms, by atmosplieric 
pressure, only above the valve a, after which it is raised by 
lifting up to the spout. The water, thererore, is pressed 
into the pump barrel by the atmosphere, and Thrown out by 
lifting. 

546. The lifting pump, properly so called, has the piston 
in the lower end ofthe l^rrel, and raises the water through 
(he whole distance, by forcing it upirard, without the agency 
of the atmosphere. 

547. In the mctioii pump, the pressure of the atmosphere 
will raise the water 33 or 34 feet, and no more, after which 
it may he lifted to any height required. 

548. The forcing pump differs from both these, in hav- 
ing its piston solid, or without a valve, and also in having a 
side pipe, through which the water is forced, instead of 
rising m a perpendicular direction, i 

549. The forcing pump is 
represented h_y fig. 114, where 
a IS a solid piston, working air 
tight in its Imrrel, The tube e 
leads ftom the barrel of the 
airvesseld. Throughihepipe 
p, the water is thrown into the 
open air. ^ is a gauge, by 
which the pressure of (he wateij 

. in the air vessel is ascertained. 
Through the pipe t, the water 
ascends into (he barrel, its up- ~ 
per end being furnished with | 
a valve opening upwards. 

550. To explain the action I 
of this pump, suppose the pis- 
ton to be down to the bottom 
of the barrel, and then to be 
raised upward by the lever I ; 
the tendency to form a vacuum 
in the barrel, will bring the 
water up through the pipe t, 

How dMS llie lifting pump differ from Ihs eommon P<tmp1 _How 
does the forcing pump differ from the wmmon pujipl ^1"" *S- 
114. uid .howin what miinner the wMer « brought up thiongh \S» ■ 
p^ i and afterwaids tbroim out at Ihompep. 
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by the pressure of the atmosphere. Then, on depressing 
the piston, the valve at the bottom of the barrel will U 
cIos«i, and the water, not finding admittance throagh the 
pipe whence it came, will be forced through the pipe c, and 
openinjr the valve at its upper end, will enter into the air 
vessel d, and bo discharged through the pipe p, into the 
open air. 

Tlie water is therefore elevated to the piston barrci by 
the pressure of the atmosphere, and afterwards thrown out 
by the force of the piston. ■ It is obvious, that by this ar- 
rangement, the height to which this fluid may be thrown, 
will depend on the power applied to the lever, and the 
strength with which the pump is made. 

The air vessel d contains air in its upper part only, the 
lower part, as we have already seen, being filled with water. 
The pipe p, called the discharging pipe, passes down into 
the water, so that the air cannot escape. The air is there- 
fore compressed, as the water is forced into the lower part 
of th(j vessel, and re-acting upon the fluid by its elasticity, 
throws it out of the pipe in a continued stream. The con- 
stant stream which is emitted from the direction pipe of the 
fire eni^ino, is entirely owing to the compression and elas- 
ticity of the air in its air vessel. In pumps, without such a 
vessel, as the water is forced upwards, only while the piston 
is actinfr upon it, there must bean interruption of the stream 
while the piijton is ascending, as in the common pump. 
The air vessel is a remedy for this defect, and is found also 
to render the labour of drawing the water more easy, be- 
cause the force with which the air in the vessel acts on the 
water, is always in addition to that given by the force of the 
piston. 

Fire Engine. 

551. The fire engine is a modification of the forcing 
pump. It consists of two such pumps, the pistons of which 
are moved by a lever with equal arms, the common fulcrum 
being at c, fig. 115. While the piston a is descending, the 



Why docs not the air escape from the air vessel in this pump ? 
What effect does the air vessel have on the stream discharged 1 Wny 
does the air vessel render the labour of raising the water more easy 1 
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Olber piston, b, ia ascending. 
Tlie water is forced by the 
pressure of the atmosphere, 
thiqugh the common pipe p, 
and then dividing', asceads 
into the working barrels of 
each piston, where the valves, 
on both sides, prevent its re- 
turn. By the alternate de- 
pression of the pistons, it is , 
■.hen forced into the air box d, 
%nd then by the direction pipe 
e, is thrown where it is iVant- 
ed. This machine acta pre- 
cisely like the forcing' pump, 
only that its power is doubled. 
by having two pistons instead of one. 

552. There is n beautiful fountain, called the fountain 
vf Hitro, which acts by the elasticity of the air, and on the 
same principle as that already de- 
scribed. Its construction will be 
understood by fig. 1 16, but its form 
may be varied according to the dic- 
tates of fancy or taste. The boxes 
a a.nSb. together with the two tubes, 
nre made air tight, and strong, in 
proportion to the height it is desired i 
the fountain should play. 

553. To prepare the fountain for 
(tction, fill the box a, through the 
iipouting tube, nearly full of water. 
The tube c, reaching nearly to the 
top of the box, will prevent the wa- 
ter from passing downwards, while 
the spouting pipe will prevent the 
tkir from esiraping upwards, after the 
vessel is about half filled w.-th wa- 
ter. Next, shut the slop-cock of the 
spouting pipe, and pour water into 
the open vessel d. This will descend into the veaael b 
through the tube e, which nearly reaches its bottom, eo thai 
^ jt 

EipUin fig. 115, nnd dmcribe the action of the fire engine. WW** 
ciuMW the cuntinued Blrenm from the direetton pive^l *iu» M*p<fc\ 
How is the founttun of Biero conitrwtedl 
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after a few inches of water are poured in, no air can 
escape, except by the tube c, up into the vessel a. The air 
mil then be compressed by tne weight of the column of 
water in the tube e, and therefore the force of the waicr 
from the jet pipe will be in proportion to the height of 
this tube. If this tube is 20 or 30 feet high, on turning the 
atop-cock, a jet of water will spout from the pipe that will 
amuse and astonish those who have never before seen such 
W experiment. 

Steam Engine. 

555. Like most other great and useful inventions, the 
steam engine, from a very simple contrivance, for the pur- 
pose of' raising water, has been improved at various times, 
and by a considerable number of persons, until it has been 
brought to its present state of power and perfection. 

556. By most writers, the origin of this invention is at- 
tributed to the Marquis of Worcester, an Knglishman, in 
about 1663. But as he has left no drawing, nor such a par- 
ticular description of his machine, as to enable us to define 
its mode of action, it is impossible, at the present time, to 
say how much credit ought to be attributed to this inventioa 

557. It is certain, that the first engines had neither cylin- 
ders, piston, nor gearing, by which machinery was made to 
revolve, these most important parts having been added b) 
succeeding inventors and improvers. 

558. Captain Savary^s Engine. — The first steam engine 
of which we have any definite description, was that invented 
by Capt. Thomas Savary, an Englishman, in 1698. By this 
engine, the water was raised to a certain height, by means 
of a vacuum formed by the condensation of steam, and then 
was forced upward by the direct force of steam from the 
boiler. 

559. It appears that the idea of forming a vacuum by the 
condensation of stoam, was suggested to Capt. Savary by 
the following circumstances : 

Having drank a flask of Florence wine at an inn, he 
threw the empty flask on the fire, and a moment after calleo 
.for a basin of water to wash his hands. A small quantity 
of the wine which remained in the flask, began to boil, and 

On what will the height of the jet from Hiero's fountain depend 1 
What was the ori«^in of the steam engine? To whom is tJhis inven- 
tion ffenerally attributed 1 Who was the inventor of the first enjg^ine of 
which we liave any defimle deact\pl\otv'\ "WVv^x. -"n^a \.lvft origin of 
Capt. Savary^s idea of raising; 'waietVjv «in««»»sbl'\ 
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Aeam issued from its mouth. Observing this, it occurred to 
him to try what effect would be produced by inverting the 
flask, and plunging its mouth into the cold water of the 
basin, jf^utting on a thick glove to defend his hand from 
the heat, he seized the flask, and the moment he plunged its 
mouth into the water, the liquid rushed up, and nearly filled 
the vessel. 

560. Savary states, that this circumstance suggested im- 
mediately to him the possibility of giving effect to the at- 
mospheric pressure, by creating a vacuum by the condensa- 
tion of steam. His plan was to iifl the water from the 
mines to a certain height, in this manner, and to force it to 
the elevation required by the direct power of the steam, 

561. Fig. 117 will show the principle, though not the 
precise form, of Savary's steam engine. It consists of a 
bailer t a, for the generation Fig. 117. 
of steam, which is furnished 
with a safety valve, h, which 
opens and lets off the steam, 
when the pressure would 
otherwise endanger the burst* 
ing of the boiler. From the 
boiler there proceeds the 
steam pipe, furnished with 
the stop-cock, c, to the steam 
vessel, d. From the bottom 
of the steam vessel, there de 
scends the pipe e, called the 
suction pipe, which dips into 
the well, or reservoir, from 
which the water is to be rais* 
ed. This pipe is furnished 
with a valve, opening up- 
wards, at its upper end. From 
the upper end of the steam 
vessel rises another pipe, / 
called the force pipe, which 
also has a valve opening up- 

^ wards. To this pipe is attached a small cistern, g, furnished 
with a short pipe, called the condensing pipe, and from which 
cold water can be drawn, so as to fall upon the steam vessel d. 

What are the parts of which Savary's engine consisted 1 Describe 
the process by which water is raised from the well tA t^ i^mssl 
wkithJs eo/pae, 

13 
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M2. To trace the action of this simple apparatoa, suppoie 
the steam vessels and tubes to be filled with atmospheric air, 
which of course would be the case, while the whole remains 
cold. But on making a fire under the boiler, steam is gen- 
crated, which, on turning the stop-cock c, is let into the 
steam vessel d, where for a time it is condensed, and falls 
down in drops on the sides of the vessel. The continued 
supply of steam will, however, soon heat the vessel, so thai 
'no more vapour will be condensed, and its elastic force will 
open the upper valve, and it will pass off through the pipe 
f, while, at the same time, and by the same force, the lower 
valve will be closed. 

563. When the steam has driven all the atmospheric air 
from the vessel d, and the upper pipe, and there remains no- 
thing in them but the pure vapour of water, suppose the 
stop-cock c to be turned, so as to stop the further supply of 
steam, and that at the same time cold water be allowed to 
run from the condensing cistern g, on the steam vessel d. 
The steam will thus be condensed into water, leaving the 
interior of the vessel a vacuum. The pressure of the at- 
mosphere will close the upper valve, while the same press- 
ure acting on the water surrounding the tube in the well, 
will force the fluid up to take the place of the vacuum in 
the steam vessel d. 

564. The height to which water may thus be elevated, 
we have already seen, is about 33 feet, provided the vacuum 
be perfect, but Savary was never able to *}levate it more than 
26 feet by this method. 

We now suppose that the steam vessel is filled with wa- 
ter, by the creation of a vacuum, and the pressure of the at- 
mosphere alone, the direct force of the steam having no 
agency in the process. But in order to continue the eleva- 
tion above the level of the steam vessel, the elastic pressure 
of the steam must be employed. 

565. Let us now suppose, therefore, that the vessel d is 
nearly full of water, ana that the stop-cock c is turned, so as 
to admit the steam from the boiler through the tube to the 
upper part of the steam vessel, and consequently above the 
water. At first, the steam will be condensed by the cold 
surface of the water, but as hot water is lighter than cold, 
there will soon become a film of heated liquid, by the con 



How high did Savary's engine elevate water by atmospheric press- 
nrel Describe the mnnner in wliich the water was elevated above Um 
*leam vessel. 
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densadon of the steam on the surfiice oi the cold, so that, in 
a few minutes, no more steam will be condensed. Then the 
direct force of the steam pressmg upon the water, will drive 
it through the force pipe / and opening the valve, will ele- 
vate it to the Leififht required. 

566. When all the water has been driven out, the con- 
tinued influx of the steam will heat the vessel until no fiir- 
ther condensation will take place, and the vessel will be fill- . 
ed with the pure vapour of water, as before, when the steam 
being shut off, and the cold water let on, a vacuum will be 
produced, and another portion of water be elevated to take 
ltd place, as already described, and so on continually. 

This machine, though a mere apology for the complex 
and effective steam engines of the present day, is neverthe- 
less highly creditable to the mechanical genius of the in- 
ventor, considering the low state of science and mechanical 
knowledge at that time. 

567. These engines were chiefly employed in the drain- 
age of the coal mines, and were sufficiently powerful to 
elevate the water to the height of about 90 leet, including 
both the atmospheric pressure, and the direct force of the 
steam. But the process was exceeding slow ; the quantity 
of steam wasted in the process was very great, and the quan- 
tity of fuel consumed immense. Besides these disaavan- 
cages, the bursting power of the steam, when applied with 
a force sufficient to elevate a column of water 60 feet high, 
was such as to require vessels of great strength, and, conse- 
quently, engines of small capacity only could be employed. 
In addition to these defects, where the mine was several 
hundred feet deep, three or four engines must be employed, 
since each could elevate the water only about 90 feet. It is 
hardly necessary, therefore, to say, that Savar/s engine did 
not answer the principal object of its design, that of drain- 
ing the English mines. 

568. NewcomerHs Engine. — The steam engine which suc- 
ceeded that of Savary, was invented by Thomas Newcomen, 
a blacksmith, of Dartmouth, in England. Newcomen's pa- 
tent was dated 1707, and in it Capt Savary was united, in 
consequence of his discovery of the methou of forming a 
vacuum by the condensation of steam, as already de- 
icribed. 



What is said of Savary's invention 1 What were the chief obje©- 
tioiiB to Savary 'a ens^nesl Whose steam engine succeeded that of 
Savary 1 At what time was I^twcomen's engine invented % 
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569. The gfreat object of Newcomeo'i inrtatm, like thM 
of Skrary, vaa to drain the EDglieh ininM, To do thia, ba 
proposed to connect cme arch head of a working beam to ■ 
pump rod, while the other arch head should be ccHinected 
with a piaton and rod moving in & cylinder, which piston 
should he made (o descend by the pressure of the mimosphersi 
^in consequence of creating a vacuum under it by the con- 
' dmntion of steam. When the piston had been made to de- 
scend in this manner, by which the pnmp at the other end 
of the beam was to be worked, the piston was again to be 
dimwn up by the weight of the pomp rod, so that this en- 
gine was moved alternately by means of a vacuum at one 
end of the beam, and a weight at the other. 

670. This ivasthe first propodtioa which had been made 
to work a piston by mdins of steam, or rather by means of 
a vaennm, created ay the condensation of steam, and may be 
considered as the origin ofthe present nude of working all 
ataam aigines. 

S71. It is proper to distinguish this as the atmot^um 

Fif.iia 




la what manner was Nswcameu's aiuinft woAeA 1 What is said •! 
thB onginalU; of this invention 1 Why i»N<Mn.<;n n'n ' "*i-'=*£ niriti 
brttwnameofUwaniuMfilMriceiiKine'l " 
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tngtne, since its movement depended on the pressuie of the 
9tinosphere alone. 

The adjoining cut, fig. 118, and the following aescnption, 
will show the plan and >^novement of Newcomen's engme. 

The boiler a, furnished with a safety valve on the top, 
has a steam pipe, J, proceeding to the cylinder d. The pis- 
ton c is of solid metal, and works air tight in the cylinaer. 
The piston is attached by its rod to the arch head of the 
working beam / To the other arch head is attached 
ihe pump rod g, which is connected with its piston in the 
pump k. This pump descends to the \vaier, to be drawn up 
by the action of the engine. The small forcing pump h is 
supplied with water by the pump A:, and is designed to raise 
a portion of the fluid through the condensing pipe i, to the 
cylinder by which the steam is condensed. This pump, as 
well as the other, is worked by the action of the working 
beam. 

572. To describe the action of this engine, let us suppose 
that the piston c is drawn up to the top of the cylinder, by 
the weight of the pump rod g, as represented in the figure; 
that the cylinder itself is filled with steam, and that the stop- 
cock of the steam pipe is turned so that no more steam is 
admitted. The cylinder was surrounded by another circu- 
lar vessel, leaving a space between the two, into which the 
cold water was admitted. Suppose the cold water to be 
drawn by the condensing pipe i into this space, and conse- 
quently the steam to be condensed, leaving a vacuum within 
die cylinder. The consequence would be, that the pressure 
of the atmosphere on the piston would instantly force it 
down to the bottom of the cylinder. This would, give ac- 
tion to the pump k, by which a quantity of water would be 
drawn up from the well. 

573. Now the piston being forced to the bottom of the cyl- 
inder by the pressure of the atmosphere, unless relieved 
from that pressure, would not rise again, and therefore a 
quantity of steam must be admitted under it by the pipe b, 
80 as to balance the pressure on the upper side. When this 
is eflfected, the piston is immediately drawn a^ain to the top 
of the cylinder by the weight of the pump rod, and thus the 
several parts of the engine become in the precise position 
that they were when our description began ; and in order 



D«»ribe the several parts of thU engine. Describe the action cf Jius 
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%gam to depren the pucon, a ▼acnam most ooce more be 
Drnduced by the admission of cold water, on the cylinder, 
and so on continually. 

The power of these engines, although operating hy the 
pressure of the atmosphere alone, was^tattch greater thaa 
might at first be supposed. 

574 The pressure of the atmosphere, when operating on n 
perfect vacuum, as we hare already shown, amounts to 16 
pounds on every square inch of sur&ce. The power of this 
engine therefore depended entirely on the number of square 
inches which the pteton presented to this pressure. 

575. Now the number of square inches in a circle may 
be very nearly found by the following rule : 

Muitiply the number of inches in the diametfr hy itself: 
dimde ike product hy 14, avd multiply the quotient thus oh- 
imimed hy l\, and the result will he the numher of sfmtr 
twtfihy in the circle: " "* 

Wlik Thus, a piston having a diameter of only 13 
inidwai' would be pressed down by a weight equal 1980 
pounds, or nearly one ton ; and a piston twice this diameter, 
•r 26 inches, would be acted upon by a weight equal 7920 
pounds, or nearly Ibur tons. These estimates are, however, 
too high for practical results, for, ader allowing for the 
friction of the piston, and the imperfection of the vacuum, it 
was found, in practice, that only about 1 1 pounds of force 
to the square inch could actually be obtained. 

577. Soon after the construction of these engines, an acci- 
dental circumstance suggested to the inventor a much better 
method of condensation than the effusion of cold water on 
the cylinder, which, as we have seen, was that first prac- 
tised. In order to keep the piston air-tight, it was neces* 
sary to have a quantity of water on it, which was supplied 
from a pipe placed over it. On one occasion, a piston was 
observed to oescend several times with unusual rapidity, and 
this without waiting for the usual supply of condensing 
water. On examination, it' was found tnat an aperture 
through the piston admitted the cold water directly to the 
steam in the cylinder, by which it was instantly coiMlensed. 



>^ 



What is said of the power of these engines ? How nwy (he num- 
ber of square inches in a circle be found 7 What would be tlie amofuit 
of pressure on a piston of 13 inches in diameter 1 What would be tbft 
pressure on a piston of 36 inches in diameter 1 How much must be 
allowed for frietion and imperfectton of vacuum 1 How did iffeweih 
an improved method of condensing steam 1 
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578. On this saggestion, Newcomen abandoned his first 
method, and by the addition of a pipe, through which a jet 
of cold water w^vs thrown into the cylinder, condensed the 
steam instantly, ^d much more perfectly than could be done 
even by waiting a long time for the gradual cooling of the 
cylinder by the old method. This was a highly important 
improvement, and substantially is the method practised to 
this day. 

579. Newcomen*s machine, though so imperfect, when 
compared with those of the present day, ad hardly to deserve 
the name of a steam engine, was extensively employed in 
draining the English mines, and for nearly half a century 
was the only machine moved by the application of steam. 
And notwithstanding its material and obvious imperfections, 
still it must be considered as a lasting monument of the com- 
bining and inventive powers of a man, who appears origi- 
nally to have had no advantages in life, above what his ex- 
perience and observations as a blacksmith gave him. 

580. Watt's Engiiie. — It does not appear that any con- 
siderable improvements were made on Newcomen*s steam 
apparatus, until the time when James Watt began his ex- 
periments and inventions in about 1763. 

Watt was born at Greenock, in Scotland, and pursued the 
business of a mathematical instrument maker in London. 
He was endowed with a mind of the highest order, both as 
a philosopher and inventor, as will be evinced by the new 
combinations, improvements, and inventions, which he ap- 
plied to nearly every part of the apparatus to which steam 
has been employed as a moving power. 

681. Some of his first improvements, or perhaps more 
properly, inventions, were a pump, for the removal of the 
air and water, which were accumulated by the condensation 
of the steam — the application of melted wax, or tallow, in- 
stead of water, to lubricate the piston, and keep it air-tight, 
and the employment of steam above the piston, to press it 
down, instead of the atmosphere, as in Newcomen's engine. 

For the latter purpose, it was necessary to close the top 
of the cylinder, and allow the piston-rod to play through a 
steam tight stuffing-box, as is done at the present time in all 
steam engines. 

What is said of Newcomen's invention on the whole 1 When did 

Watt begin his experiments 1 What is said of Watt's capacity 1 

What were among the first improvemenu of the steam engine 1 What 

chan|;e must be made in Newcomen's cylinder, in order to press do«ni 

he piston with steami 
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582. This improvement is represented by fig. 1 19, where 
f ifl the steam pipe proceeding from the boiler, and oy 
irhich steam is admitted to Fig. 119. 
the cylinder. The piston K 
works air-tight in the cylin- 
der g, the r(xl of which passes 
air-tight through the stuffing- 
box i. The upper valve box 

a contains a single valve, * 
which, when open, admits the 
steam into the cylinder, and 
also into the pipe which con- 
nects this with tne lower valve 
box. The lower box contains 
two valves, i and c; the valve 
&, when open, admits the steam 
to pass from the cylinder ahovt 
the piston, by the connecting 
tube to the cylinder htlow the 
piston ; the ^'alve c, when open, 
admits the steam to pass from 
below the cylinder, down into 
the condenser d. This steam 
entering the condenser, meets 
the jet of water through the valve d^ where it is condensed. 
The valve e, opening outwards, permits any steam which ia 
not condensed, together with such atmospheric air as is ac- 
cumulated, to pass away. 

The valve a is called the wpftr steam valve ; b, the lower 
steam valve ; r, the exhausting valve, and d, the condensing 
valve. 

583. Now let us see in what manner this machine will 
produce the alternate ascent and descent of the piston. 

In the first place, all the air which fills the cylinder and 
tubes must be expelled. To do this, the valves a, b, and c, 
must be opened. The steam will pass through the pipe s, 
'nto the upper part of the cylinder, and along the tube down 
through the valves b and c into the condenser d. After the 
steam ceases to be condensed by the cold of the apparatus, 
it will rush out, mixed with air, through the valve e, which 
opens outwards. 

584. The apparatus is thus filled with steam, and all the 
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What are the situsViona, namesi and uses, of the valves in fig. 1191 
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valves are now to be closed ; but in a few minutes a vacuum 
will be formed in the condenser, by the cold surface of tnat 
vessel. 

The apparatus being in this state, let the upper steam 
valve a, the exhausting valve c, and the condensing valve J, 
be opened. Steam will thus be admitted through a, to press 
upon ttie top of the piston, the steam being prevented from 
circulating below the piston, by the valve h being closed. 
But the steam below the piston will rush through the ex- 
hausting valve c, into the condenser, where a jet of cold 
water through the condensing valve d^ will instantly con- 
dense it, and thus leave a vacuum below the piston in the 
cylinder. Into this vacuum the piston is instantly pressed 
by the action of the steam in the upper part of the cylinder. 

585. When the piston has thus been forced to the bottom 
of the cylinder, let the valves a, c, and d^ be closed, and let 
the lower steam valve b be opened. The effect of this will 
be, that the further ingress of steam will be stopped, and the 
further condensation of steam will cease, and thus the steam 
which is shut within the apparatus, will press equally on all 
sides, so that the pressure on the upper and under sides of 
the piston will be equal. Thus there is no force to restrain 
the piston at the bottom of the cylinder, except its weight, 
which is more than balanced by the weight of the pump-rod 
at the other end of the beam, and by the preponderance of 
which the piston rises, as in the atmospheric engine. 

586. When the piston has arrived to the top of the cylin- 
der, the valves a, c, and d, are again opened, when steam 
again presses on the top of the piston, while a vacuum is 
formed below it, into which the piston is driven, as already 
shown, and so on continually. 

The valves of this engine were opened and closed by lev- 
ers, which were worked by the movement of the machine- 
ry. These, being unnecessary to explain the principle, are 
not shown in the drawing. 

687. Mr. Watt called this his single acting engine^ be- 
cause the steam acted only above the piston, and for the pur- 
pose of distinguishing it from his double acting engine, in 
which the piston was moved in both directions, by the force 
of steam. 

588. Double Acting Steam Engine. — After the construc- 
tion of the steam engine above described, Mr. Watt contin* 

Explain the manner in which this engine acts by means of the fig* 
me. Why does Mr. Watt call this his single acting engine 7 
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ued his improvements and inventions, which resulted in tba 
production of his double acting engine. This consisted in 
changing the steam alternately from below, to above the pis- 
ton, and at the same time forming a vacuum alternately in 
each end of the cylinder, into which .be piston was forced 
Thus the piston being at the top of the cylinder, steam was 
introduced from the boiler above it, while the steam in the 
cylinder below it was condensed. The piston was therefore 
])rcssed by the steam above it into a vacuum below. Hav- 
ing arrived at the bottom of the cylinder, the steam was 
changed in its direction, and sent below the piston, while a 
communication was formed between the upper part of the 
cylinder and the condenser, and thus a vacuum was formed 
above the piston, into which it was forced by the steam act- 
ing below it. In this manner was the piston moved by al- 
ternately substituting steam for a vacuum, and a vacuum foi 
steam, on each side of the piston. 

589. Circular motion of machinery by means of steim. 
— The action of the atmospheric engine of Newcomen, and 
of the improved, or single acting one of Watt, was such as 
could not be applied to the continued motion of machinery. 
Their motions were well calculated to raise water from the 
mines by pumping, and for this purpose they were chiefij 
employed. Nor could these engines give a perpetual cir- 
cular motion, without some changes in their action, and ad- 
ditions to their machinery. It is obvious, that the extended 
use of steam in driving machinery, absolutely required such 
a motion, and it appears that the genius of Watt, soon after 
his experiments commenced, saw the vast consequences of 
such an application of this power, and he applied himself tc 
the invention of machinery for this purpose accordingly. 

590. In Newcomen's and Watt's first engines, the end 
of the beam opposite to the piston could only be employed 
in lifting, since the power was applied only to force the 
piston downwards. But in the double acting engine, the 
power of steam was applied to the piston in both directions, 
and hence the opposite end of the beam had a force down- 
ward, as well as upward. If, therefore, instead of chains, 
rods of iron were attached to each arch head of the beanii 
the one rod connected with the piston, and the other with 

Describe Watt's double acting steam engine. What is said of Um 
action of Newcomen's and Watt's first engine 1 Why were not their 
motions applicable to machinery 1 Eixplain the reason why Watt't 
double acting engine was applicable to the rotadon of viachiofliyi 
while his other engine was not 
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machinery to be moved, it is plain that since the end of the 
beam, connected with the piston, would be pushed up and 
drawn down with a force equal to the power of the steam 
applied, the other end of the beam would act with eaual 
force, and thus that a sufficient power might be obtainea in 
both directions. 

591. The question with respect to the means by which a 
continued circular motion might be obtained from the alter- 
nate motion of the working end of the beam, did not remain 
long unsettled in the fertile mind of Watt. A crank con- 
nected with the end of the beam by an inflexible or meta^ic 
rod, would convert its up and down motion into one of at 
least partial rotation. 

592. But still there remained a difficulty to be overcome 
with respect to the rotation of a crank, for there are two po- 
sitions in which the vertical motions of the working rod 
could give it no motion whatever. These are, when the 
axis of the crank a, fig. 120, Fig. 120. 

the joint of the crank b, and the 
working rod, or connector, with 
the working beam r, are in the 
same right line as shown in the 
figure. In this case it is plain, 
that the vertical action of c could 
not move the crank in any direc- 
tion. Affain, when the joint 
h is turned down to d, so as to 
bring the working rod c, di- 
rectly over the crank, it will be 
obvious that the upward or down- 
ward force of the beam, could 
not give a any motion what- 
ever. 

Hence, in these two positions 
the engine could have no effect in turning the crank, and, 
therefore, twice in every revolution, unless some remedy 
could be found for this defect, the whole machine must 
cease to act. 

593. Now, undier Inertia, (21) we have shown that bod- 
ies, when once put in motion, have a tendency to continue 
that motion, and will do so, unless stopped by some oppos- 

Explain the reason why a crank motion alone can not be converted 
into a continued rotation 1 In what manner was the crank motion 
ccmverted into one of perpetual rotation 1 
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ing force. With respect to circular motion, this subject u 
suflicientlv illustrated by the turning of a coach wheel n 
its axis when raised from the ground. £very one knowi 
that whon a wheel is set in motion, under such circniD- 
stances, it will continue to revolve by its own inertia k 
some time, without any new impulse. 

594. This principle Watt applied to continue the motion 
of the crank. A large heavy iron wheel was fixed to the 
axis of the crank, which wheel being put in motion by the 
machinery, had the effect to turn the crank beyond the po- 
sition in which we have shown the working rod had no 
power to move it, and thus enabled the working rod to con- 
tinue the rotation. 

595. Such a wheel, called the /Ip wheel, or balanci 
wheel, is represented attached to the crank in fig. 120, and 
is now universally employed in all steam engines used in 
drivinij machinery. 

59t>. Governor, or Regulator. — In the application of 
steam to machinery for various purposes, a steady or eqoal 
motion is highly important ; and although the fly wheel, 
just described, had the effect to equalize the motion of the 
engine when the power and the resistance were the same, 
yet when the steam was increased, or the resistance dimin- 
ished or increased, there was no longer a uniform velocity 
in the working part of the engine. 

In order to remedy this defect, Mr. Watt applied to his 
engines an aj)paratus called a governor^ and by which the 
quantity of steam admitted to the cylinder was so regulated 
as to keep the velocity of the engine nearly the same at all 
limes. 

597. Of all the contrivances for regulating the motion of 
machinery, this is said to be the most effectual. Ic will be 
readily understood hy the following description uf fig. 121. 
It consists of two heavy iron "* 

balls />, attached to the ex- 
tremities of the two rods b, e. 
These rods play on a joint 
at c, passing through a mor- 
tise in the vertical stem d, 
d. At / these pieces are 
united, by joints to the two J 
short rods /, A, which, at 
their upper ends, are again 
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Give a general descripliou o£ l\ve Qo-^ciivw^Vj trwmja c^CaAm^ figoni 
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connected by joints at A, to a ring which slides upon the 
Tertical stem d d. Now it will be apparent that when these 
balls are thrown outward, the lower links connected at / 
will be made to diverge, in consequence of which the up- 
per links will be drawn down the ring with which they are 
connected at h. With this ring at i is connected a lever 
having its axis at g, and to the other extremity of which, at 
X;; is listened a vertical piece, which is connected by a joint 
to the valve v. To the lower part of the vertical spindle d, 
ifl attached a grooved wheel w, around w^hichastrap passes, 
which is connected with the axis of the fly wheel. . 

698. Now when it so happens that the quantity of steam 
18 too great, the motion of the fly wheel will give a pro- 
portionate velocity to the spindle d, rf, by means of the strap 
around w, and by which the balls, by their centrifugal force, 
will be widely separated ; in consequence of which the ring 
h will be drawn down. This will elevate the arm of the 
lever k^ and by which the end i, of the short lever, connected 
with the valve t?, in the steam pipe, will be raised, and thus 
the valve turned so as to diminish the quantity of steam ad- 
mitted to the piston. When the motion of the engine is 
■low, a contrary effect will ber produced, and the valve turn- 
ed 80 that more steam will be admitted to the engine. 

599. Low and High pressure Engines. — After having 
given a description of Watt's double acting engine, it will 
hardly be necessary to describe those of the present day, 
•ince though they have some additional apparatus, still the 
principle of action is the same in both, ana it is this, rather 
than details, wkh which it is our object to make the student 
acquainted. 

600. To comprehend the working of the piston, which is 
usually hid from the eye of the observer, it is only neces- 
sary to remember, that in the upper valve box there are two 
■mlves, called the ujrper steam valve, and the upper exhaust- 
ing ffolve ; and that in the lower steam box, or bottom of the 
cylindeT, there are also two valves, called the lower steam 
valve, and the lower exhausting valve. 

601. Now suppose the piston to beat the top of the cylin- 
der, the cylinder below it being filled with steam, which 
has just pressed the pbton up. Then let the upper steam 

What is the difference between Watt's double acting engine and 
diose of the present dayl What are the vaWes called in the upper. 
and what in the lower valve box ? When the plslOTi ia nV. XYa vSy ^ 
HheqF^oder, what Tsdrea oie opened 1 

14 
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valve, and the lower exhausting valve be opened, the oilui 
two being closed : the steam which fills the cylinder heltm 
the piston, will tnus be allowed to pass through the ex< 
hausting valve into the condenser, and a vacuum will be form- 
ed below the piston. At the same time, the upper steam 
valve beings open, steam will be admitted above the pistol 
to press it down into the vacuum, which has been formed 
bt^low. On the arrival of the piston to the bottom of the 
cylinder, the upper steam valve, and the lower exhausting 
valve are closed, and the lower steam valve^ and upper ez- 
hau sting valve are opened, on which the steam above ihs 
piston is condensed, while steam is admitted below the pistos 
to press it into the vacuum thus formed, and so on contina- 
ally. 

602. The upper steam valve, and lower exhausting valvet 
arc opened at the same time ; the same being the case with 
the lower steam valve, and upper exhausting valve. 

603. The above is a description of the movement of what 
is known undur the name of the low pressure engine, in 
which the steam is condensed, and a vacuum formed, alter- 
nately, above and below the piston. To this engine there 
must be attached a cold water pump and cistern, for the 
condensation of the steam; an air pump for the removal 
of the air and condensed water, and a condenser, into which 
a jet of cold water is thrown to condense the steam. 

604. In the high pressure engines, the piston is pressed 
up and down by the force of the steam alone, and without 
the assistance of a vacuum. The additional power of steam 
required for this purpose is very considerable, being equal 
to the entire pressure of the atmosphere on the surface of 
the piston. We have already had occasion to show that oo 
a piston of 13 inches in diameter, the pressure of the atmo- 
sphere amounts to nearl)^ two tons. 

605. Now in the low pressure engine, in which a vacuum 
is formed on one side of the piston, the force of steam re- 
quired to move it is diminished by the amount of atmo 
spheric pressure equal to the size of the piston. 

606. But in the high pressure engine, the piston works 
in both directions against the weight of the atmosphere, and 
hence requires an additional power of steam equal to the 
weight of the atmosphere on the piston. 

When at the bottom, what valves ore opened 1 What constitutes i 
low pressure engine % How mucli laoi^ Iotca o^ itoain ii nqoind is 
Mgh than in low pressure engmes^ 
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607. These engines are, hovirever, much more simple and 
eheap than the low pressure, since the condenser, cold water 
pump, air pump, and cold water cistern, are dispensed with ; 
nothmg mbre being necessary than the boiler, cylinder, pis- 
ton, and valves. Hence for rail-roads, and all locomotive 
purposes, the high pressure engines are, and must be used. 

608. With respect to engines used on board of steam- 
boats, the low pressure are universally employed by the 
English, and it is well known, that few accidents from the 
bursting of machinery have ever happened in that country. 
In most of their boats two engines are used, each of which 
turns a crank, and thus the necessity of a fly wheel is 
avoided. 

In this country high pressure engines are in common 
use for boats, though they are not universally employed. In 
some, two engines are worked, and the fly wheel dispensed 
with, as in England. 

609. The great number of accidents which have happen- 
ed in this country, whether on board of low or high press- 
ure boats, must be attributed, in a great measure, to the 
eagerness of our countrymen to be transported from place to 

Elace with the greatest possible speed, all thoughts of safety 
eing absorbed in this passion. It is, however, true, from 
the very nature of the case, that there is far greater danger 
from the bursting of the machinery in the high, than in the 
low pressure engines, since not only the cylinder, but the 
boiler and steam pipes, mu3t sustain a much higher pressure 
in order to gain the same speed, other circumstances being 
equal. 

ACOUSTICS. 

610. Acoustics is that branch of natural philosophy 
which treats of the origin, propagation, and effects of 
sound. 

611. When a sonorous, or sounding body is struck, it is 
thrown into a tremulous, or vibrating motion. This mo- 
tion is c( mmunicated to the air which surrounds us, and by 
the air is onveyed to our ear drums, which also undergo a 
vibratory i otion, and this last motion, throwing the audi- 
tory nerves into action, we thereby gain the sensation of 
sound. 

What parts are dispensed with in high pressure engines t What is 
•ocratticsl When a sonorous body is struck within hearin^^ in nrbiSfc 
manner do we gain &om it the sensation of soxxiid^ 
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612. If any sounding body, of consideTable size, is tnt 
ponded in the air and struck, this tremalons motion is dis- 
tinctly visible io the eye, and while the eye perceives its mo- 
tion, the ear perceives the sound. 

613. That sound is conveyed to the ear by the motion 
which the sounding bod^ communicates to the air, is proved 
by an interesting experiment with the air pump. Among 
pnilosophical instruments, there is a small bell, tne hammer 
of which is moved by a spring connected with clock-work, 
and which is made expressly for this experiment. 

If this instrument be wound up, and placed under the re- 
ceiver of an air pumn, the souna of the bell may at first be 
heard to a considerable distance, but as the air is exhausted, 
it becomes less and less audible, until no longer to be heard, 
the strokes of the hammer, though seen by the eye, proda- 
cing no effect upon the ear. Upon allowmg the air to re- 
turn gradually , a faint sound is at first heard, which be- 
comes louder and louder, until as much air is admitted as 
was withdrawn. 

614. On the contrary, when the air is more dense than 
ordinary, or when a greater (quantity is contained in a ves- 
sel, than in the same space m the open air, the effect of 
sound on the ear is increased. This is illustrated by the 
use of the diving bell. 

The diving bell is a large vessel, open at the bottom, un- 
der which men descend to the l)eds of rivers, for the pur 
pose of obtaining articles from the wrecks of vessels. When 
this machine is sunk to any considerable depth, the water 
above, by its pressure, condenses the air under it with great 
force. In this situation, a whisper is as loud as a common 
voice in the open air, and an ordinary voice becomes pain 
fill to the ear. 

615. Again, on the tops of high mountains, where th« 
pressure, or density, of the air is much less than on the sur 
face of the earth, the report of a pistol is heard on'y a few 
rods, and the human voice is so weak as to be inaudible at 
ordinary distances. 

Thus, the atmosphere which surrounds us, is the medium 
by which sounds are conveyed to our ears, an » to its vibra- 

How is it proved that sound is conveyed to the ear by the medium 
of the air 1 When the air is more dense than ordinary how does it af- 
fect sound 1 What is said of the effects of sound on the tops of high 
mouatains 7 



ACOUSTICS. 161 

lions we are indebted for the sense of hearing, as well as to 
aL we enjoy from the charms of music. 

616. The atmosphere, though the most common, is not, 
however, the only, or tho be^t conductor of sound. Solid 
bodies conduct sound better than elastic fluids. Hence, if 
a person lay his ear on a long stick of timber, the scratch 
of a pin may be heard from the other end, which could not 
be perceived through the air. 

617. The earth conducts loud rumbling sounds made 
below its sur&ce to great distances. Thus, it is said, that 
in countries where the volcanoes exist, the rumbling noise 
which generally precedes an eruption, is heard first by the 
beasts of the field, because their ears are commonly near the 
ground, and that by their agitation and alarm, they give 
warning of its approach to the inhabitants. 

The Indians of our country will discover the approach of 
horses or men, by laying their ears on the ground, when 
they are at such distances as not to be heard in any other 
manner. 

618. Sound is propagated through the air at the rate of 
1142 feet in a second of time. When compared with the 
velocity of light, it therefore moves but slowly. Any one 
may be convinced of this by watching the discharge of 
cannon at a distance. The flash is seen apparently at the 
instant the gunner touches fire to the powder; the whizzing 
of the ball, if the ear is in its direction, is next heard, and 
lastly, the report. 

Solid substances convey sounds with greater velocity 
than air, as is proved by the following experiment, lately 
made at Paris, by M. Biot. 

619. At the extremity of a cylindrical tube, upwards of 
3000 feet long, a ring pf metal was placed, of the same 
diameter as the aperture of the tube ; and in the centre of 
this ring, in the mouth of the tube, was suspended a clock 
bell and hammer. The hammer was made to strike the 
ring and the bell at the same instant, so that the sound of the 
ring would be transmitted to the remote end of the tube, 
ihrough the conducting power of the tube itself, while the 
sound of the bell would be transmitted throuorh the medium 



Which are the best conductors of sound, solid or elastic substances 1 
What is said of the earth as a conductor of sounds 1 How is it said 
that the Indians discover the approach of horses 1 How fast does 
aound pass through the air? Which convey sounds with the greatest 
velocity, solid substances or air 1 

1 4* 
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of the air inclosed in the tuba The mat htbig then pheed 
at the remote end of the tube, the ioiind of tiM rinj^, ttaalK 
mitted by the metal of the tuboi was fint heard dudncthr, 
and after a short interval had eu^oeedt the aocmd of the beU, 
trannnitted by the air in the tabe, was heard* The r^iih 
of several experiments was, that the metal conducted the 
sound at the rate of about 11,865 feet per second, which k 
about ten and a half times the velocity with which it ie con- 
ducted by the air. 

620. Sound moves forward in straight lines, and in thk 
respect follows the same laws as moving bodies, and light 
It also follows the same laws in being reflected, or thrown 
back, when it strikes a solid, or reflecting sur&ce. 

621. Echo. — If the surj&ce be smooth and of considen- 
ble dimensions, the sound will be reflected, and an echo wiO 
be heard ; but if the sur&ce is very irregular, soft, or smsll, 
no such eflect will be produced. 

In order to hear the echo, the ear must be placed in t 
certain direction, in respect to the point where the sound ii 
produced, and the reflecting sur&ce. 

If a sound be produced at «, fig. 122, 
and strike the plain surface b, it will be 
reflected back in the same line, and the 
echo will be heard at c or Ow That is, the 
angle under which it approaches the re- 
flecting surface, and that under which it 
leaves it, will be equal. 

622. Whether the sound strikes the re* 
fleeting surface at right angles, or oblique- 
ly, the angle of approach, and the angle 
of reflection, will always be the same, and 
equal. 




*it 



This is illustrated by 
fig. 123, where suppose 
a pistol to be fired at a, 
while the reflecting sur- 
face is at c ; then the 
echo will be heard at b, , 
the angles 2 andl being ( 
equal to each other. 



Fig. 133. 




Describe the exi>eriment, proving that sound is conducted by a ^ 
with greater velocity than by the air. In what lines does sound movsl 
Prom what kind of surface is sound reflected, so as to produce aaeokot 
Explain fig. 122. Explain fig. 123, and show in what direetion — -^ 
approaches and leaves a reflecting surface. 
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623. If a soond be emitted between two reHecting 8ur« 
iaces, parallel to each other, it will reverberate, or be an- 
«werea backwards and forwards several times. 

Thus, if the sound be made at ^ fig. Fig. 134. 
124, it will not only rebound back again 
to a, but will also be reflected from the 
points c and d^ and were such reflecting 
surfaces placed at every point around a 
circle from a, the »ound would be thrown 
back from them all, at the same instant, 
and would meet again at the point a. 

We shall see, under the article Optics,^ 
that light observes exactly the same law 
in respect to its reflection from plane suhaces, and that the 
angle at which it strikes, is called the angle of incidence^ 
and that under which it leaves the reflecting surface, is call- 
ed the angle of reflection. The same terms are employed 
in respect to sound. 

624. In a circle, as mentioned above, sound is reflected 
from every plane surface placed around it, and hence, if the 
sound is emitted from the centre of a circle, this centre will 
be the point at which the echo will be most distinct. 

Suppose the ear to be placed 
at the point a, fig. 125, in the 
centre of a circle ; and let a sound 
be produced at the same point, 
then it will move along the line 
a e, and be reflected from the 
plane surface, back on the same d\ 
line to a ; and this will take place 
from all the plane sur&ces placed 
around the circumference of a 
circle ; and as all these surfaces 
are at the same distance from the 
centre, so the reflected sound will arrive at the point a, at 
the same instant ; and the echo will be loud, in proportion 
to the number and perfection of these reflecting surfaces. 

625. It is apparent that the auditor, in this case, must la 
placed in the centre from which the sound proceeds, to re- 



Pig. 125. 




What is the angle under which sound strikes a reflecting surface 
ealledl What is Uie angle under which it leaves a reflecting sun 
fiice called 1 Is there any difference in the quantity of these two aF • 
elesl Suppose a pistol to be fired in the centre of a circular room 
vhere would be the echo 1 Explain fig. 124, and ^vq the teMon. 




164 ▲C0UBTIC8. 

eei?6 the ffraitesC effect But if the sham of the room he 
oval, or elliptical, the sound may be maoe in one part* and 
the echo will be heard in another nart, became the ditints 
has two points, called foci, at one ofwhich, tlw sound being 
produced, it will be concentrated in the other. 

Suppoise a sound to be produced „. i^^ 

at a, ^g. 126. it. will be reflected '^^ *» 

from the sides of the room, the angles 
of incidence bein^ equal to those of 
reflection, and will be concentrated at 
b. Hence a hearer standing at 3, will 
be affected by the united rays of JBOund 
from different parts of the room, so 
that a whisper at a, will become audi- 
ble at b, wnen it would not be heard 
in any other part of the room. Were 
the sides of the room lined with a pol- 
ished metal, the rays of light or heat 
would be concentrated in the same 
manner. 

The reason of this will be understood, wl^en we conaid«r, 
that an ear, placed at c, will receive only one ray of the 
sound proceedinsf from a, while if placed at ^, it will receiYS 
the rays from all parts of the room. Such a room, whether 
constructed by design or accident, would be a tohisperinjf 
gallery. 

626. On a smooth surface, the rays, or pulses of sound, 
will pass with less impediment than on a rough one. For 
this reason, persons can talk to each other on the opposite 
sides of a river, when they could not be understood to 
the same distance over the land. The report of a cannon, 
at sea, when the water is smooth, may be heard at a great 
distance, but if the sea is rough, even without wind, the 
sound will be broken, and will reach only half as fiir. 

627. Musical Instruments. — The strings of musical inr 
struments are elastic cords, which being fixed at leach end, 
produce sounds by vibrating in the middle. 

The string of a violin^ or piano, when pulled to one side 
by its middle, and let go, vibrates backwards and forwards^ 

Suppose a sound to be produced in one of the foci of an dlifMe^ 
vtrhere then misht it be distinctly heard 1 Explain fig. 126, and pre 
the reason. Why is it that persons can conyerse on int opposite sides 
of a riyer, when they could not hear each other at the same distance 
over the land ? How do the strings of musicid instruments produes 
sounds 1 
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lite a paadalum, and striking rapidly against the air, pro- 
duces tones, which are grave, or acute, according to its ten- 
sion, size, or length. 

628. The manner in which such a string vibrates, is 
shown by fig. 127. 

If pulled from e Fig. 127. 

to o^ it will not stop £, 

again at e, but in 
passing from a to 
e^ it will gain a 
momentum, which 
will carry it to c, 
and in returning, 

its momentum will again carry it to d, and so on, backwards 
and forwards, like a pendulum, until its tension, and the re- 
sistance of the air, will finally bring it to rest. 

The grave, or sharp tones of the same string, depend on 
its difierent degrees of tension ; hence, if a string be struck, 
and while vibrating, its tension be increased, its tone will be 
changed from a lower to a higher pitch. 

629. Strings of the same length are made to vibrate slow, 
or quick, and consequently to produce a variety of sounds, 
oy making some larger than others, and giving them dif- 
lerent degrees of tension. The violin and bass viol are fa- 
miliar examples of this. The low, or bass strings, are cov- 
ered with metallic wire, in order to make their magnitude 
and weight prevent their vibrations from being too rapid, 
and thus they are made to give deep or grave tones. The 
other strings are diminished in thickness, and increased in 
tension, so as to make them produce a greater number of 
vibrations in a given time, and thus their tones become sharp, 
or acute, in proportion. 

630. Under certain circumstances, a long string will di- 
vide itself into halves, thirds, or quarters, without depress- 
ing any part of it, and thus give several harmonious tones 
at the same time. 

The fairy tones of the ^olian harp are produced in this 
manner. This instrument consists of a simple box of wood, 
with four or ^ve strmgs, two or three feet long, festencd at 
each end. These are tuned in unison, so that when made 

Elzplain fie. 127. On what do the erave or acute tones of the same 
•trine depend 1 Why are the bass strings of instruments covered with 
metanic wire ? Why is there a variety of tones in the i&Q\i«Si V^&sv% 
mno0 all ibe atringa are tuned in unison 1 
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to vibrate with force, they produce the same tones. Bat 
whf^n suspended in a gentle breeze, each string, according 
to the manner or force in which it receives the blast, eithei 
sounds, as & whole, or is divided into several parts, as abofe 
described. " The result of which," says Dr. Amot, " is the 
production of the most pleasing combination, and succession 
of sounds, that the ear ever listened to, or &ncy perluipi 
conceived. After a pause, this fiiiry harp is often heard be- 
ginning with a low and solemn note, liKe the base of dis- 
tant music in the sky; the sound then swells as if approach- 
ing, and other tones break forth, mingling with the fint, 
and with each other." 

63 1 . The manner in which a string vibrates in parts, will 
be understood by fig. 128. 

Fig. 198. 




Suppose the whole length of the string to be from atok, 
and that it is fixed at these two points. The portion from 
b to c, vibrates as though it was fixed at c, and its tone diA 
fcrs from those of the other parts of the string. The same 
happens from c to d, and from ^ to a. While a string is 
thus vibrating, if a small piece of paper be laid on the part 
c, or dt it will remain, but if placed on any other part of 
the string, it will be shaken off! 

Wind. 

632. Wind is nothing more than air in motion. The use 
of a fan, in warm vveatner, only serves to move the air, and 
thus to make a little breeze about the person using it. 

633. As a natural phenomenon, that motion of the air 
which we call wind, is produced in consequence of there 
being a greater degree of heat in one place than in another. 
The air thus heated, rises upward, while that which sur 
rounds this, moves forward to restore equilibrium. 

The truth of this is illustrated by the fact, that during the 
burning of a house in a calm night, the motion of the air 
toward? the place where it is thus rarefied, makes the win-l 
blow from every point towards the flame. 

— ■ ^ ^ _ 

Explain fig. 128, showing the manner in which stringjs vibrate ia 

Sarts. Wha*^. is wind 1 As a natural phenomenon^ how is wind pro- 
uoed, or, what is the cauae of wmd'\ Ho^ \Ax:io:\a*^^M0ix«&M^\ 
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634. In islands, situated in hot climates, this principle is 
channingly illustrated. The land, during the day time, be- 
ing under the rays of a tropical sun, becomes heated in a 
firreater degree than the surrounding ocean, and, consequent- 
ly, there rises from the land a stream of warm air, during 
the day, while the cooler air from the surface of the water, 
movmg forward to supply this partial vacancy, produces a 
cool breeze setting inland on all sides of the island. This 
constitutes the sea breeze^ which is so delightful to the in- 
habitants of those hot countries, and without which men 
could hardly exist in some of the most luxuriant islands be- 
tween the tropics. 

During the night, the motion of the air is reversed, be- 
cause the earth being heated superficially, soon cools when 
the sun is absent, while the water being warmed several 
feet below its surface,, retains its heat longer. 

Consequently, towards morning, the earth becomes colder 
than the water, and the air sinking down upon it, seeks an 
equilibrium, by flowing outwards, like rays from a centre, 
and thus the land breeze is produce^. 

The wind then continues to blow from the land until the 
equilibrium is restored, or until the morning sun makes the 
land of the same temperature as the water, when for a time 
there will be a dead calm. Then again the land becoming 
warmer than the water, the sea breeze returns as before, 
and thus the inhabitants of those sultry climates arc con- 
stantly refreshed during the summer season, with alternate 
land and sea breezes. 

635. At the equator, which is a part of the earth con- 
tinually under the heat of a burning sun, the air is expand- 
ed, and ascends upwards, so as to produce currents from the 
north and south, which move forward to supply the place 
of the heated air as it rises. These two currents, coming 
from latitudes where the daily motion of the earth is less 
than at the equator, do not obtain its full rate of motion, and 
therefore, when they approach the equator, do not move so 
&8t eastward as that portion of the earth, by the difference 
between the equator's velocity, and that of the latitudes from 
which they come. This wind therefore falls behind the 
earth in her diurnal motion, and, consequently, has a rela- 

In the islands of hot climates, why does the wind blow inland du« 
ring the day, and off the land dunng the night 1 What are these 
ireeses called 1 .What is said of the ascent of heated air at the equa- 
tor 1 What is the consequence on the air towards the north and souih 1 



I 



108 WIND. 

tive motion towards the west. This constant breeze towanh 
he west is called the trade wind, because a large portion 
of the commerce of nations comes within its influence. 

636. While the air in the lower regions of the atmosphere 
is thus constantly flowing from the north and south towards 
the equator, and forming the trade winds between the trop* 
ics, the heated air from these regions as perpetually rises, 
and forms a counter current through the higher regions, to- 
wards the north and south from the tropics, thus restoring 
the equilibrium. 

637. This counter motion of the air in the upper and low- 
er regions is illustrated by a very simple experiment Open 
a door a few inches, leading into a heated room, and hold a 
lighted candle at the top of the passage ; the current of air, 
as indicated by the direction of the flame, will be out of the 
room. Then set the candle on the floor, and it will show 
that the current is there into the room. Thus, while the 
heated air rises and passes out of the room, that whiqh is 
colder flows in, along the floor, to take its place. 

This explains the reason why our feet are apt to snffir 
with the cold, in a room moderately heated, while the other 
parts of the body are comfortable, it also explains why 
those who sit in the gallery of a church are sufficientlv 
warm, while those who sit below may be sh'vering wiln 
the cold. 

638. From such facts, showing the tendency of heated 
air to ascend, while that which is colder moves forward to 
supply its place, it is easy to account for the reason why the 
wind blows perpetually from the north and south towards 
the tropics ; for, the air being heated, as stated above, it as- 
cends, and then flows north and south towards the po^?% 
until, growing cold, it sinks down, and again flows towards 
the equator. 

639. Perhaps these opposite motions of the two currents 
will be better understood by the sketch, figure 129. 

Suppose a h c io represent a portion of the earth's snr 
face, a being towards the north pole, c towards the south 
pole, and h the equator. The currents of air are supposed 
to pass in the direction of the arrows. The wind, therefore, 
from aio h would blow, on the surface of the earth, from 



How are the trade winds fonned 1 While the air in the lower re- 
gions flows from the north and south towards the equator, in what di* 
rection does it flow in hig^her regions 1 How is this counter rumnt 9 
lower and upper regions illuitr^ed by a nmi^e experiment 1 
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Fi^. 129. 
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north to south, while from tXo a^ the upper current would 
pass from south to north, until it came to a, when it would 
change its direction towards the south. The currents in 
the southern hemisphere being governed by the same laws, 
would assume similar directions. 

OPTICS. 

640. Optics is that science which treats of vision, and the 
properties and phenomena of light. 

"• The term o'ptics is derived from a Greek word, which 
Kgnifies seeing. 

This science involves some of the most elegant and im- 
^ portant branches of natural philosophy. It presents us with 
- experiments which are attractive by their beauty, and which 
astonish us by their novelty ; and, at the same time, it inves- 
tigates the principles of some of the most useful among the 
articles of common life. 

641. There are two opinions concerning the nature of 
light. Some maintain that it is composed of material parti- 
cles, which are constantly thrown off from the lummous 
body ; while others suppose that it is a fluid difllused through 
all nature, and that the luminous, or burning body, occa- 
sions waves or undulations in this fluid, by which the light 
is propagated in the same manner as sound is conveyed 
through the air. The most probable opinion, however, is, 
that light is composed of exceedingly minute particles of 
matter. But whatever may be the nature or cause of lighf, 
It has certain general properties or effects which we can 
investigate. Thus, by experiments, we can determine the 
laws by which it is governed in its passage through differ- 

What common foct does this experiment illustrate 1 Define Optics 1 
What ia said of the elegance and importance of this seiencal What 
wan the two qpiDions eoDoemmg the nature of U|^'\ 'W\al ^a ^^ 
piobMe opinion 1 

15 



1 



170 OPTICS. 

ent transparent substances, and also those by which it is 
governed when it strikes a substance through which it can- 
not pass. We can likewise test its nature to a certain de- 
gree, by decomposing or dividing it into its elementary 
parts, as the chemist decomposes any substance he wishes 
to analyze. 

642. To understand the science of optics, it is necessary 
to define several terms, which, although some of them may 
be in common use, have a technical meaning, when applied 
to this science. 

a. Light is that principle, or substance, which enables 
us to see any body from which it proceeds. If a luminous 
substance, as a burning candle, be carried into a dark room, 
the objects in the room become visible, because ihey reflec 
the light of the candle to our eyes. 

b. Luminous bodies are such as emit light from their own 
substance. The sun, fire, and phosphorus, are luminous 
bodies. The moon, and the other planets, are not luminous, 
since they borrow their light from the sun. 

€. Transparent bodies are such as permit the rays of 
light to pass freely through them. Air and some of the 
gasses are perfectly transparent, since they transmit liffht 
without being visible themselves. Glass and water are fuso 
considered transparent, but they are not perfectly so, since 
they are themselves visible, and therefore do not suffer the 
light to pass through them without interruption. 

d. Translucent bodies are such as permit the light to 
pass, but not in sufficient quantity to render objects distinct, 
when seen through them. 

e. Opaque is the reverse of transparent. Any body which 
permits none of the rays of light to pass through it, is 
opaque. 

/ Illuminated, enlightened. Any thing is illuminated 
when the light shines upon it, so as to make it visible. 
Every object exposed to the sun is illuminated. A lamp 
illuminates a room, and every thing in it. 

g. A Ray is a single line of lignt, as it comes from a lu 
minous body. 



What is light % What is a luminous body 7 What is a transpa- 
rent bodv 1 Are glass and water perfectl y tr ansparent 1 How if k 
proved that air is perfectly transparent 1 What are translucent bod- 
ies? What are opaque bodies? What is meant by illuminated 1 
What is a ray of light 1 
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31' k. A Beam of light is a body of (Mirallel rays. 

Br «. A Pencil of light is a body of diverging or conTergmg 

£ ra3r8. 

i: k. Divergent rays, are such as come from a point, and 

V continually separate wider apart, as they proceed. 

/. Convergent rays, are those which approach each 

: other, so as to meet at a common point. 

m, luminous bodies emit rays, or pencils of light, in 
every direction, so that the space through which they are 
visible is filled with them at every possible point. 

643. Thus, the sun illuminates every point of space, 
within the whole solar system. A light, as that of a light 
house, which can be seen from the distance of ten miles in 
one direction, fills every point in a circuit of ten miles from 
it, with light. Were this not the case, the light from it 
could not be seen from every point within that circumfer- 
ence. 

644. The rays of liffht move forward in straight lines 
from the luminous body, and are pever turned out of their 
coarse except by some obstacle. 

Let a, fig. Fig. 130. 

130, be a beam 
of light fVom the 
Ban passing 
through a small 
orifice in the 
window shutter 
b. The sun cannot be seen through the crooked tube c, 
because the beam passing in a istraight line, strikes the side 
of the tube, and therefore does not pass through it. 

646. All the illuminated bodies, whether natural or arti- 
ficial, throw off light in every direction of the same color as 
themselves, though the light with which they are illumi- 
nated is white or without colour. 

This fact is obvious to all who are endowed with sight 
Thus, the light proceeding from grass is green, while that 
proceeding from a rose is red, and so of every other colour. 

What is a beam? What a pencil? What are divergent rays 1 
What are convergent raysl In what direction do luminous bodies 
anit light t How is it proved that a luminous body fills evw point 
within a certain distance with light ? Why cannot a beam WfA^ bt 
Man through a bent tube 1 What is the colour of the light whidr di^ 
ftrent bodies throw off 1 Ifgraasthrowsoff green light, what'" "^ - 
atthectherrajral 
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We shall be convmced, in another placet that the white 
light with which things are illuminated, is really composed 
of several colors, and that bodies reflect only the rays of 
heir own colors, while they absorb all the other rays. 

646. Light moves with the amazing rapidity of abon^ 
95 millions of miles in 8^ minutes, since it is proved by 
certain astronomical observations, that the light of the sod 
comes to the earth in that time. This velocity is so great, 
that to any distance at which an artificial light can be seen, 
it seems to be transmitted instantaneously. 

If a ton of gunpowder were exploded on the top of a 
mountain, where its light could be seen a hundred miles, 
no perceptible diflference would be observed in the time of 
its appearance on the spot, and at the distance of a hundred 
miles. 

Refraction of Light. 

647. Although a ray of light will alwa^rs pass in a 
straight line, when not mterruptcd, yet when it passes ob- 
liquely from one transparent body into another, of a differ- 
ent density, it leaves its linear direction, and is bent, or re- 
fracted, more or less, out of its former course. This change 
in the direction of light, seems to arise from a certain pow- 
er, or quality, which transparent bodies possess in different 
degrees ; for some substances bend the rays of light much 
more obliquely than others. V" . 

The manner in which the rays of ^ Fi|rvi?I« 
light are refracted, may be readily 
understood by fig. 131. 

Let a be a ray of the sun's light, 
proceeding obliquely towards the sur- 
face of the water c, d, and let e be 
the point which it would strike, if 
moving only through the air. Now, 
instead of passing through the water 
in the line a, e, it will be bent or re- 
fracted, on entering the water, from o to n^.and having 
passed through the fluid it is again refracted in a contrary 




What IS the rate of velocity with which light moves 1 Can wf 
perceive any difference in the time which it takes an artificial light tA 
pass to us from a great or small distance 7 What is meant byUMTO' 
fraction of light 7 Do all transparent bodies refract light aqmOly 1 B» 
plain fig. 131, and show how the ray is refracted in paarinff into aM 
out of the water. ^ 
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direction on passing out of the water, and then proceeds 
onward in a straight line as before. 

648. The refraction of water is beautifully proved by the 
following simple experiment. Place an empty cup, fig. 132, 
with a shilling on the bottom, in such a position, that the 
side of the cup will just hide the piece of money from the 
eye. Then let another per-^%^ Pig* 138. 
•on fill the cup with v/ater, 
keeping the eye in the same 
position as before. As the 
"water is poured in, the shil- 
ling will become visible, ap- 
pearing to rise with the wa- 
ter. The effect of the water 
is to bend the ray of light 
coming from the shilling, so 
OS to make it meet the eye 
below the point where it otherwise would. Thus the eye 
could not see the shilling in the direction of c, since the line 
of vision is towards a^ and c is hidden by the side of the 
■cup. But the refraction of the water bends the ray down 
wards, producing the same effect as though the object had 
been raised upwards, and hence it becomes visible. 

649. The transparent body thiough which the light 
passes is cjilled the medium, and it is found in all cases, 
•• that where a ray of light ^passes obliquely from one medium 
into another of a different density, it is refracted, or turned 
out of its former courseV This is illustrated in the above 
examples, the water being a more dense medium than air. 
The refraction takes place at the surface of the medium, 
and the ray is refracted in its passage out of the refracting 
substance as well as into it. 

650. If the ray, after having passed through the water, 
then strikes upon a still more dense medium, as a' pane of 
glass, it will again be refracted. It is understood, that in 
all cases the ray must fall upon the refracting medium ob- 
liquely, in order to be refracted, for if it ptoceeds from one 
medium to another perpendicularly to their surfaces, it will 
pass straight through them all, and no refraction will take 
place. 

Explain fig. 133, and state the reason why the shilling seems to be 
raised up by pouring in the water. What is a medium % In what 
direction must a ray of light pass towards the medium to be refracted 1 
WiO a ray foiling perpendicularly on a medium be i«CtQ«fiMl% 

15* 



Thna, in fig;. 133, let a lepiesetU ui, h E^ W^ 
water, and c a piece of glass. The ray d^ 
■ttilcing each medium in a perpendiculai di- * 
rection, passes through them aU inastraiffht 
line. The obliq^ae ray passes through the 
air in the direclioa of c, but meeting the 
water, is refracted in the direction of o ; then 
falling upon the glass, it is again refracted 
in the direction ofp, nearly parallel with the 
perpendicular tine d. 

651. /n all eaiu whirt tKe ray pasiti (ml 
of a rarer into a denier medium, it ii re- 
fraeted towards a perpendicular line, raited 
from the surface of the denser medium, and 
so, when it passes out of a denser, into a 
rater medium, it is refracted from the same perpentiiciUM, 

Let the medium b, fig. 134, be glass, and the medium e, 
water. The ray a, as it falls upon the medium b, is refract- 



Fig, 134. 




ed towards the perpendicular line e, d; 
but when it enters the water, whose re- 
fractive power is less than that of glass, 
it is not Dent so near the perpendicular 
as before, and hence it is refracted /rem, _ 
instead of towards, the perpendicular I 
line, and approaches the original direc- f 
tion of the ray a, g, when passing | 
through the air. 

The cause of refraction appears ti . 
the power of attraction, which the denser 
medium exerts on the passing ray ; and in all cases the at- 
tracting force acts in the direction of a perpendicular to the 
refracting surface. 

652. The refraction of ihe rays of light, as ihey fall upon 
the surface of the waler, is the reason why a straight rod, 
with one end in the water, and the other end rising above 
it, appears to be broken, or bent, and also to be shortened. 

Suppose the rod a, fig. 135, to be set with one half of its 
length below the surface of the water, and the other half 
above it. Tho eye being placed in an oblique direction, 

Explain fig. 133, nnd show how the ray e is refracted. When th* 
ray passes out of a rarer into a denser medium, iii what direction is it 
refracted 1 When il passea out of n denser into a rarer medium, I 



la, appears diatorted and Siiorter than it reallp ill 
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will see the lower end apparently at the point o, while the 
real tenuinatioD of the rod would be at n: Fig. 135. 
the refraction will therefore make the rod 
appear shorter by the distance from o to 
n, or one foarth snorter than the part be- 
low the water really is. The reason why{ 
the rod appears distorted, or broken, is,i 
that we judg6 of the direction of the part 
whith 18 under the water, by that which ' 
18 above it, and the refraction of the rays coming from below 
the 8ur&ce of the water, give them a different direction, when 
compared with those coming from that part of the rod which 
is above it. Hence, when the whole rod is below the water, 
no sach distorted appearance is observed, because then all 
the rays arc refractea equally. 

For the re^ison just explained, persons are often deceived 
in respect to the depth of water, the refraction making it 
appear much more shallow than it really is; and there is 
no doubt but the most serious accidents have oflen happen- 
ed to those who have gone into the water under such decep- 
tion ; for a pond which is really six" feet deep, will appear to 
the eye only a little more than four feet deep. 

Reflection of Light. 

653. If a boy throws his ball against the side of a house 
swiftly, and in a perpendicular direction, it will bound back 
nearly in the line in which it was thrown, and he will be able 
to catch it with his hands; but if the ball be thrown oblique- 
ly to the right, or left, it will bound away from the side of the 
house in the same relative direction in which it was thrown. 

The reflection of light, so far as re- Fig. 136. 

gaids the line of approach, and the line 
of leaving a reflecting surface, is gov- 
erned by the same law. I I ^ 

Thus, if a sun beam, Rg. 136, passing 
through a small aperture in the window 
shutter a, be permitted to fall upon the 
plane mirror, or looking glass, c, d, at 
right angles, it will be reflected back at right angles with 
che mirror, and therefore will pass back ag^in in exactly 
(he same direction in which it approached. 

Why does the water in a pond appear less deep than it really isl 
Suppose a sun beam fall upon a plane mirror, at right angles with its 
surface, in what direaion will it be reflected 1 
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654. But if the ray strikes the mirror in an obUque di- 
rection, it will also be thrown off in an Fi|:« 13T 
oblique direction, opposite to that in 
which it was thrown. 

Let a ray pass towards a mirror in the 
line a, c, fig. 137, it will be reflected off 
in the direction of c, d, making the an- 
gles 1 and 2 exactly equal. 

The ray a, c, is called the incident 
ray, and the ray c, d, the reflected ray ; 
and it is found, in all caaes, that whatever 
angle the ray of incidence makes with the reflecting sur 
feice, or with a perpendicular line drawn from p- jgg^ 
the reflecting surface, exactly the same angle 
is made by the reflected ray. 

655. From these facts, arise the general 
law in optics, that the angle of reflection is 
equal to the angle of incidence. • 

The ray a, c, fig. 138, is the ray. of inci-^j 
dence, and that from c to d, is thieray of re- 
flection. The anofles which a, c, make with 
the perpendicular line, and with the plane of 
the mirror, is exactly equal to those made by 
c, d, with the same perpendicular, and the 
same plane surface. 

Mirrors. 

656. Mirrors are of three kipds, namely, plane, convex^ 
and concave. They are made of polished metal, or of 
glass covered on the back with an amalgam of tin and 
quicksilver. 

The common looking glass is a plane mirror, and con- 
sists of a plate of ground glass so highly polished as to per- 
mit the rays of light to pass through it with little interrup- 
tion. On the back of this plate is placed the reflecting sur- 
face.-which consists of a mixture of tin and mercury. The 
glass plate, therefore, only answers the purpose of sustain- 
mg the metallic surface in its place, — of admitting the rays 

Suppose the ray falls obliquely on its surface, in what direction wiO 
it then be reflected 1 What is an incident ray of light*? What is a 
reflected ray of light 1 What general law in optics results from ob- 
servations on the incident and reflected rays ? How many kinds of 
mirrors arc there ? What kind of mirror is the common looking g\aml 
Of what use is the glass plate in the construction of this mirror) 
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of light to and from it, and of preventing its sur&ce fh>ni 
tarnishing, by excluding the air. Could the metallic 
8ur&ce, however, be retained in its place, and not exposed 
to the air, without the glass plate, these mirrors would be 
much more perfect than they are, since, in practice, glass 
cannot be made so perfect as to transmit all the rays of Tight 
which fall on its surface. 

657. When applied to the plane mirror, the angles of in- 
cidence and of reflection are equal, as already stated ; and it 
£herefore follows, that when the rays of light fiiU upon it 
obliquely in one direction, they are thrown off under the 
same angle in the opposite direction. 

This is the reason why the images of objects can be seen 
when the objects themselves are not visible. 

Suppose the mirror a h, fig. 139, to Fig- 139. 

be placed on the side of a room, and a 
lamp to be set in another room, but so 
situated, as that its light would shine 
.4pon the glass. The Tamp itself could 
not be^seen by the eye placed at e, be- 
cause the partition d is between them ; 
but its image would be visible at e, be- 
cause the angle of the incident ray, 
coming from the light, and that of the 
reflected ray which reaches the eye, 
are equal. 

658. An image from a plane mir- 
ror appears to be just as far behind the mirror as the object 
is before it, so that when a person approaches this mirror, 
his image seems to come forward to meet him ; and when 
he withdraws from it, his image appears to be moving back- 
ward at the same rate. For the same reason, the different 
parts of the same object will appear to extend as far behind 
the mirror, as they are before it. 

If, for instance, one end of a rod, two feet long, be made 
to touch the surface of such a mirror, this end gI the rod, 
and its image, will seem nearly to touch each other, there 
being only the thickness of the glass betweai them ; while 
the other end of the rod, and the other end of its imuge, will 
appear to be equally distant from the point of conta)i*/t. 

Explain fi^. 139, and show how the image of an object can be seen 
in a plane mirror, when the real object is invisible. The ima^ of an 
object appears jnst as far behind a plane mirror, as the obJoGi in befim 
d; expliun ig, 14Q, siid |liow why this iB the cam. 
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The reason of this is explained on the principle, that tk 
angle of incidence and that of reflection is eqnal. 

Suppose the arrow a, to be the object reflected by the 
mirror d c, fig. 140; the inci- ^^ 140. 

dent ravs a, flowing from the 
end of the arrow, being thrown 
back by reflection, will meet 
the eye in the same state of di- 
vergence that they would do,^ 
if they proceeded to the same 
distance behind the mirror, that 
the eye is before it, as at o. 
Therefore, by the same law, 
the reflected rays, where they 
meet the eye at e, appear to di- 
verge from a point A, just as far behind the mirror, as ab 
before it, and consequently the end of the arrow most le- 
mote from the glass, will appear to be at A, or the point 
where the approaching rays would meet, were they contiih 
ued onward behind the glass. The rays flowing" from every 
other part of the arrow follow the same law ; and thus every 
part of the image seems to be at the same distance behind 
the mirror, that the object really is before it. 

659. In a plane mirror, a person may see his whole im- 
age, when the mirror is only half as long as himself; let 
him stand at any distance from it whatever. 

This is also explained by the law, that the angles of in- 
cidence and reflection are equal. If the mirror be elevated, 
so that the ray of light from the eye falls perpendicularly 
upon the mirror, this ray will be thrown back by reflection 
in the same direction, so that the incident and reflected ray 
by which the image of the eyes and fece are formed, will 
be nearly parallel, while the ray flowing from his feet will 
fall on the mirror obliquely, and will be reflected as ob- 
liquely in the contrary airection, and so of all the other rays 
by which the image of the different parts of the person is 
formed. 

Thus, suppose the mirror c e, hg, 141, to be just half as 
long as the arrow placed before it, and suppose the eye to be 
placed at a. Then the ray a e, proceeding from the eye at 



What must be the comparative lenfi;th of a plane mirror^ in whidi 
a person may see his whole image? in what part of the unag^ tf^ 
141 are the incidental and reflected rays nearly parallel 1 
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41, and blling perpen- Fig. 141. 

clicularly on the glass 

at Cy will be reflected 

back to the eye in the 

same line, and this part 

of the image will ap- 

oear at 6, in the same 

i'^ne, and at the same 

distance behind the. 

gl&ss, that the arrow is 

before it. But the ray 

flowing from the lower 

extremity of the arrow, will fall on the mirror obliquely, as 

at e, and will be reflected under the same angle to the eye, 
and therefore the extremity of the image, appearing in the 

direction of the reflected ray, will be seen at d. The rays 

flowing from the other parts of the arrow, will observe the 

same law, and thus the whole image is seen distinctly, and 

ia the same position as the object. 

To render this still more obvious, suppose the mirror to 

be removed, and another arrow to be placed in the position 

where its image appears, behind the mirror, of the same 

length as tfe one before it. Then the eye, beincf in the 

same position as represented in the flgure, would see the 

* different parts of the real arrow in the same direction that 

it before saw the image. Thus, the ray flowing from the 

upper extremity of the arrow, would meet the eye in the 



direction of b c, while the ray, 
coming /rom the lo\yer extremity, 
would ^U on it in the direction 
of e d. 

660. Convex Mirror. — A 
convex mirror is a part of a 
sphere, or globe, reflecting from 
the outside. 

Suppose flg. 142 to be a sphere, 
then the part from a to o, would 
be a section of the sphere. Any 
part of a hollow ball of glass, 



Fig. 142. 




Why does the imaee of the lower part of the arrov/ appear ai4f 

Suppose the mirror, ng. 141, to be removed, and on arrow of the saam 

lenisth to be plaoad where the imago appeal, would the directioii of 

the cmyv from the mow be the same that they were Dram the fani^f ! 

What is a convex mhnlKr 1 



180 



MIRRORS. 



Fig. 143. 




^th an amalgam of tin and quicksilver spread on the m- 
•Idob or any part of a metallic globe polished on the ootsideb 
would form a convex mirror. 

The axis of a convex mirror, is 
a line, as c 6, passing through its 
centre. 

661. Rays of light are said to 
diverge, when they proceed from 
the same point, and constantly re-^' 
cede from each other, as from the 
point a, fig. 143. Rays of light are 

said to converge, when they approach each other in such 
a direction as finally to meet at a point, as at b, fig. 143. 

The image formed by a plane mirror, as we have al- 
ready seen, is of the same size as the object, but the image 
reflected from the convex mirror is always smaller than tne 
object 

The law which governs the passage of light with respect 
to the angles of incidence and reflection, to and from tho 
convex mirror, is the same as already stated, for the plane 
mirror. 

662. From the surface of a plane mirror, parallel rays 
are reflected parallel ; but the convex mirror causes parallel 
rays &lling on its surface to diver ge, by reflection. 

To make this understood, Fig. 144. 

let 1, 2, 3, ^g. 144, be parallel 
rays, falling on the surface of 
the convex reflector, of which 
a would be the centre, were the 
reflector a whole sphere. The 
ray 2 is perpendicular to 
the surface of the mirror, for 
when continued in the same 
direction, it strikes the axis, or 
centre of the circle a. The two 
rays, 1 and 3, being parallel 
*o this, all three would fall on 
plane mirror in a perpendi- 
cular direction, ana conse- 
quently would be reflected in the lines of their incidence 




TVhat is the axis of a convex mirror 1 What are diyereinff rayi 1 
What are converging rays % What law governs the passage of luriit 
from and to the convex mirrorl Are parallel rays ftUW on a iSft. 
Ttx mirror, reflected parallel 1 Explain fig. 144, 



MIRRORS. IBl 

But the obliquity of the convex sur&ce, it is obvious, will 
render the direction of the rays 1 and 3, oblique to that sur- 
&ce, for the same reason that 2 is perpendicular to that part 
of the circle on which it falls. Rays falling on any part 
of this mirror, in a direction which, if continued through 
the circumference, would strike the centre, are perpendicu- 
lar to the side where they fall. Thus, the dotted lines, c a 
and d a, are perpendicular to the surface, as well as 3. 

Now the reflection of the ray 2, will be back in the line 
o( its incidence, but the rays 1 and 3, falling obliquely, are 
reflected under the same angles at which they fall, and there- 
fore their lines of reflection will be as far without the per- 
pendicular lines c a, and d a, as the lines of their inciaent 
rays, 1 and 3, are within them, and consequently they will 
diverge in the direction of e and o ; and since we always see 
the image in the direction of the reflected ray, an object 
placed at 1, would appear behind the surface of the mirror 
at n, or in the direction of the line o n. 

663. Perhaps the subject of the convex mirror will be 
better understood, by considering its surface to be formed of 
a number of plane surfaces, indefinitely small. In this case, 
each point from which a ray is reflected, would act in the 
same manner as a plane mirror, and the whole, in the man- 
ner of a number of minute mirrors inclined from each 
other. 

Suppose « and b, fig, 145, to Pig- 145. 

be the points on a convex mir- 
ror, from which the two parallel 
rays, c and dy are reflected. Now, 
from the surface of a plane mir- 
ror, the reflected rays would be 
parallel, whenever the incident 
ones are so, because each will 
fall upon the surface under the 
same angles. But it is obvious, 
m the present case, that these 
rays fall upon the surfaces, a and h, under diflerait angles^ 
as respects the surfaces, c approaching in a more oblique 
direction than d ; consequently c is reflected more obliquely 
than d, and the two reflected rays, iniftead of being parallel 
as before, diverge in the direction of n and o. 




How ift the aetbn of the convex minor ilhwtrmted by a nombw el 
plane mirxors 1 t**' 

^ 16 
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664. Again, the tv^o con- Pig. 14«. 
verging rays a and b, fig. ^^ 
146, without the interposition 
of the reflecting sur&ces, 
would meet at e, but because 
the angles of reflection are 
equal to those of incidence, 
and because the surftices of 
reflection a'^e inclined to each 
other, these rays are reflected 
less convergei% and instead 
of meeting at ihe same dis- 
tance before the mirror that 

c is behind it, are sent off in the direction of «, at which 
point they meet. 

665. " Thus parallel rays falling on a convex mrror, 
are rendered diverging by reflection ; converging rays m 
made less convergent^ or par allele and diverging rays mon 
divergent." 

The eflTcct of the conve:^ mirror, therefore, is to disperse 
the rays of light in all direclions; and it is proper hereto 
remind the pupil, that although the rays of light are repre- 
sented on paper by single lines, there are in fact probably 
millions of rays, proceeding from every point of all visible 
bodies. Only a comparatively small number of these rays; 
it is true, can enter the eye, for it is only by those which 
proceed in straight lines from the diflTerent parts of the ob- 
ject, and enter the pupil, that the sense of vision i» ei- 
tited. 

Now, to conceive how exceedingly small must be the 
proportion of light thrown off, from any visible object which 
enters the eye, we must consider that the same object re- 
flects rays in every other direction, as well as in that in 
which it is seen. Thus, the gilded ball on the steeple of a 
church maybe seen by millions of persons at the same time, 
who stand upon tlje ground ; and were millions more raised 
above these, it would be visible to all. 

When, therefore, it is said, that the convex mirror dis- 



Explain fig 146 What effect does the convex mirror have upoi 
parallel rays by ;pflection7 What is its effect on converging raysl 
What IS Its eff « on diverging rays ? Do the rays of light proceed 
only from therxtremities of objects, as represented in figures, or from 
all their parts 1 Do all the rays of light proceeding from an obfect en 

ter thA AVP. f\r nnlir b Amr ^^ «V».v. O •' 



ter the eye, or only a few of them ? 
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perses the rays bf light which fall upon it from any ob- 
ject, and when the direction of these reflected rays are 
shown only by single lines, it must be remembereo, that 
each line represents pencils of rays, and that the light not 
only flows from the parts of the object thus designated, but 
from all the other parts. Werd this not the case, the object 
would be visible only at certain points. 

666. The images of objects reflected from the convex 
mirror, appear curved, because their different parts are not 
equally distant from its surface. 

If the object a. be placed Fi^;. 147. 

obliquely before the convex 
mirror, fig. 147, then the con- 
verging rays from its two ex- 
tremities falling obliquely on 
its surface, would, were they 
prolonged through the mir- 
ror, meet at the point c, he-<<;^ 
hind it. But instead of be-^ ^ 
ing thus continued, they are 
thrown back by the mirror, 
in less convergent lines, which meet the eye at c, it being, 
RS we have seen, one of the properties of this mirror, to re- 
flect converging rays less convergent than before. 

The image being always seen in the direction from which 
the rays approach the eye, it appears behind the mirror at 
d. If the eye be kept in the same position, and the object, 
n^ be moved further from the mirror, its image will appear 
smaller, in a proportion inversely to the distance to which 
it is removed. Consequently^ by the same law, the two 
ends of a straight object will appear smaller than its mid- 
dle, because they are further from the reflecting surface of 
the mirror. Thus, the images of straight objects, held be- 
fore a convex mirror, appear curved, and for the same rea- 
son, the features of the face appear out of proportion, the 
nose being too large, and the cheeks too small, or narrow. 

The reason why the image appears less than the object is, 
that the convex surface of the mirror has the property, as 

What would be the consequence, if the rays of light proceeded only 
from the parts of an object shown in diagrams 1 Why do the images 
of objects reflected from convex mirrors appear curved 1 Why do me 
features of the face appear out of proporUon, by this mirror f Wliy 
does an image reflectea from a convei surfisce appear smaller than the 
obieetl 
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itated above, of decreasing the conTergency of the mcideotal 
rays by reflection. 

667. Now, objects appear to us large or small, in proper, 
tion to the angle whicn the rays of light, proceeding from 
their extreme parts, form, when they meet at the eye. For 
it is plain that the half of any object will appear under a 
less an^le than the whole, and the quarter under a less angle 
still. Therefore the smaller an object is, the smaller will be 
the angle under which it will appear at a given distance. If 
then a mirror makes the angle under which an object is 
seen smaller, the object itself will seem smaller than it really 
is. Hence the image of an object, when reflected from the 
convex mirror, appears smaller than the object itself Tliit 
will be understood by Bg. 148. 

Suppose the rays flow^- Fig. 148. 

ing from the extremities of 
the object a, to be reflect- 
ed back to c, under the 
same degrees of conver- 
gence at which they strike 
the mirror ; then, as in the 
plane mirror, the image d, 
would appear of the same 
size as the object a; for ^ 
if the rays from a were^'i 
prolonged behind the mirror, they would meet at b, bat 
forming the same angle, by reflection, that they would do, 
if thus prolonged, the object seen from b, and its image from 
c, would appear of the same dimensions. 

But instead of this, the rays from the arrow a, being ren- 
dered less convergent by reflection, are continued onward, 
and meet the eye under a more acute angle than at c, the 
angle under which they actually meet, being represented at 
«, consequently the image of the object is shortened in pro- 
portion to the acuteness of this angle, and the object ap- 
pears diminished, as represented at o. 

668. The image of an object, as already stated, appears 
less as the object is removed to a greater distance from th* 
mirror. 




Why docs the half of an object appear to the eye smaller than ths 
whole 1 Suppose the andes c and i, fig. 148, are equal, will that 
oe any difference between the size of the object and its image ? How u 
the image affected, when the object is withdrawn from the sur&ee of • 
convex mirror 1 
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To explain the reason of this, Fig. 149. • 

let us suppose that the arrow a, 

:Bgm 149, is diminished by reflec- 
tion from the convex surface, so 
that its image appearing at d, 

with the eye at c, shall seem as 

much smaller in proportion to the 

object, as d is less than a. Now, 

keeping the eye at the same dia-X' 

lance from the mirror, withdraw - 
£he object, so that it shall be equally distant with the eye, 
«\nd the image will gradually diminish, as the arrow in re- 
moved. 

669. The reason of this will be Fig. 160. 
made plain by the next figure ; 
ioT as the arrow is moved back- 
i¥ards, the angle at c, fig. 150, 
must be diminished, because the 
rays flowing from the extremi- 
ties of the object fall a greater 
distance before they reachthe sur- 
face of the mirror ; and as the -^> 
angles of the reflected rays bear 
a proportion to those of the incident ones, so the angle of 
vision will become less in proportion as the object is with- 
drawn. The effect therefore of withdrawing the object, is 
first to lessen the distance between the converging rays, flow- 
ing from it, at the point where they strike the mirror, and 
as a consequence to diminish the angle under which the re- 
flected rays convey its image to the eye. 

670. In the plane mirror, as already shown, the image 
appears exactly as far behind the mirror as the object is 
Oefore it, uut the convex mirror shows the image just under 
the surface, or, when the object is removed to a distance, a 
little way behind it. To understand the reason of this dif- 
ference, it must be remembered, that the plane mirror makes 
the image seem as far behind as the object is before it, because 
the rays are reflected in the same relative position, at which 
they rail upon its surface. Thus, parallel rays are reflected 

Explain figures 149 and 150, and show the reason why the iinages 
are diminish&l when the objects are removed from tbe convex mirror. 
What is said to be the first effect of withdrawing tlie object from a 
concave sniface, and what the consequence on the angle of reflected 
raysl 

16* 
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parallof; divergent rays equally divergeDt, and conTergunl 
rays equally convergent. But the convex mirror, as &is« 
above shown, reflects convergent rays less convergent, and 
divergent rays more divergent, and it is from this property 
of the convex mirror that the image appears near its sur 
face, and not as &r behind it as the object is before it, as in 
the plane mirror. 

Let us suppose that a, fig. 151, is a Fig- 151. 

luminous point, from which a pencil ^^" 
of diverging rays fall upon a convex 
mirror. These rays, as already do- ^' 
monstrated, will be reflected more di- 
vergent, and consequently will meet 
the eye at e, in a wider state of disper- 
sion than they fell upon the mirror at o. 
Now, as the image will appear at the 
point where the diverging rays would 
converge to a focus in a contrary direction, were they pro- 
longed behind the mirror, so it cannot appear as far behind 
the reflecting surface as the object is before it, for the more 
widely the rays meeting at the eye are separated, the shorter 
will be the distauQe at which ,they will come to a point. 
The image will, therefore, appear at n, instead of appearing 
at an equal distance behind the mirror that the abject a is 
before it. 

671. Concave Mirror. — The shape of the coricave 
mirror is exactly like that of the copvex mirror, the only 
difference between them being in respect to their reflecriflg 
sur&ces. The reflection of the concave mirror takes place 
from its inside, or concave surface, while that of the convex 
mirror is from the outside, or convex surface. Thus the 
section of a metallic sphere, polished on both sides, is both 
a concave and convex mirror, as one or the otbec side is 
employe J for reflection. 

The effect and phenomena of this mirror will therefore 
be, in many respects, directly the contrary from those al- 
ready detailed, in reference to the convex mirror. 

Fr m the plane mirror, the relation of the incident ray* 
are not changed by reflection ; from the convex mirror they 
are dispersed ; but the concave mirror renders the rays re- 
Explain the reason why the image appears near the surface of the 
convex mirror. What is the shape of the concave mirror, and in what 
respect does it differ from the convex mirror ? How may convex and 
concave mirrors be united in the same instrument 1 
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Ac)cted from it more conTergent, and tends to concentrate 
them into a focae. 

Tlie surface of the concave mirror, like that of the con- 
vex, may be considered as a great number of minute plane 
mirrors, inclined to each other at certain angles, in propor*- 
tion to its concavity. 

672, The laws of incidence and reflection are the same, 
when applied to the concave mirror, as those already ex- 
plained in reference to the other mirrors. 

In reference to the concave mirror, Fi«. 152. 

let us, in the first place, examine the ef- 
fect of two plane mirrors inclined to 
each other, as in fig. 152, on parallel 
rays of light. The incident rays, a and 
6, being parallel before they reach the 
reflectors, are thrown off* at unequal an- 
gles in respect to each other, for b falls 
on the mirror more obliquely than a, and 
consequently is thrown off* more oblique- 
ly in a contrary direction, therefore, the 
angles of reflection being equal to those of incidence, the 
two rays meet at c. Thus we see that the eflfect of two 
plane mirrors inclined to each other, is to make parallel 
rays converge and meet in a focus. 

The same result would take place, whether the mirror 
was one continued circle, or an infinite number of small 
mirrors inclined to each other in the same relation as the 
diflferent parts of the circle. 

The effect of this mirror, as we have seen, being to ren* 
der parallel rays convergent, the same principle will render 
diverging rays parallel, and converging rays still more con- 
vergent. 

673. The focus of a concave mirror is the point where the 
rays are brought together by reflection. The centre of con- 
cavity in a concave mirror, is the centre of the sphere, of 
which the mirror is a part. In all concave mirrors, the fo- 
cus of parallel rays, or rays falling directly from the sun, is 
at the distance of half the semi-diameter of the sphere, or 
globe, of which the reflector is a part. 

Thus, the parallel rays 1, 2, 3, ^., flg. 153, all meet at 

■ ■» ■ ■■■■ I .^..iiii ■■■^■■■•■■^■■■i - .-^»-. — 

What is the difference of effect between the concave, convex, and 
plane mirrors, on the reflected rays 1 In what respect may the concave 
mirror be considered as a number of plane mirrors * What is the fo- 
•OS of a concave mirror 1 
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vhe point 0, which is half the dittanee botweea the eentn 

«, of the whole sphere, Fig. 168 

and the 8ur&ce of the 

reflector, and therdbre 

one quarter the diame* 

ter of the whole sphere, 

of which the mirror is 

apart. 

674. In concave mir- 
rors, of all dimensions, 
the reflected rays fol- 
low the same law; that 
is, parallel rays meet 
and cross each other at 
the distance of one 
fourth the diameter of 
the sphere of which they are sections. This poisu is called 
the principal focus of the reflector. 

But if the incident rays are divergent, the focus will be 
removed to a greater distance from the surfiure of the mir- 
ror, than when they are parallel, in proportion to their di- 
vergency. . 

This might be inferred from the 
general laws of incidence and reflec- 
tion, but will be made obvious by fig. 
154, where the diverging rays 1, 2, 3, 
4, form a focus at the point o, where- 
as, had they been parallel, their focus I 
would have been at a. , That is, the| 
actual focus is at the centre of the 
sphere, instead of being half way be- 
tween the centre and circumference, as 
is the case when the incident rays are 
parallel. The real focus, therefore, is beyond, or without 
the principal focus of the mirror. 

675. By the same law, converging rays will form a poinl 
within the principal focus of a mirror. 

Thus, were the rays &lling on the mirror, fig. 155» par- 
allel, the focus would be at a ; but in consequence of tosir 

At what distance from its surface is the focus of parallel rays in this 
mirror 1 What is the principal focus of a concave mirror 1 Ifth^ in- 
cident rays are divergent, where will be the focus 1 If the incideot 
rays are convergent, where will be the focus 1 



Fig. 151 
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s convergency, they are Fig. i55, 

: together at a less distance 
i principal focus, and meet 

images of objects reflected 

a vex mirror, we have seen, 

iller than the objects them- 
But the concave mirror, 

he object is nearer to it than 

ncipal focus, presents the 

arger than the object, erect, 

ind the mirror. 

xplain this, let us suppose the object a, fig. 156, to 

3d before the mirror, and nearer to it than the prin- 

:us. Then the Pig. 156. 

jceeding from 

emities of the 

kvithout inter- 
would con- 
diverge in the 

and n, as seen 

he mirror; but, 

:tion, they are 

) diverge less 

fore, and con- 

y to make the ^ 

mder which 

et more obtuse 

»ye b, than it 

e if they continued onward to e, where they would 

et without reflection. The result, therefore, is to 

he image A, upon the eye, as much larger than the 

, as the angle at the eye is more obtuse than the an- 

On the contrary, if the object is placed more remote 
3 mirror than the principal focus, and between the 
d the centre of the sphere of which the reflector is 
len the image will appear inserted on the contrary 
he centre, and farther from the mirror than the oh- 
is, if a lamp be placed obliquely before a concave 

will the image from a coneave mirror be larger tliaii the ob- 
.and behind tlM mirror 1 Elxplam fig. 166, and ihow why 
) IB larger tlum the object. When win this hnago fiQin tM 
oirror be invefted, uid beSore the mirror 1 
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mirror, u in 
dg. 167, its im- 
age wilt be seen 
invened in the 
air, on the con- 
trary aide of 
a perpendicular 
line tnroagh the 
centre of the 
mirror. ■ - — 

678. From the property of the concave mirror to forft 
an inverted image of the object suspended in the air, ntaa; 
curious and surprising deceptiona may be produced. Thm 
when the mirror, the object, and toe light, are placed ao 
that they cannot be seen, (which may be done by placing i 
screen before the light, and permitting the reflected rays U 
pass through a smaU aparture in qnouier scri^en.) the person 
mistakes the image of the oI^eM for its rea'iity, and not im- 
derstanding the deception, dunks he sees persons walkiai; 
with their heads downwards; and cups pf water turned bot 
torn upwards, withonl spilling a drop. Again, he sees clitfr 
tera of delici ns fruit, and when invited to help himself on 
reaching out . is hand for that purpose, he finds that the ob- 
ject either suddenly vanishsa □'oi^'hiB Bight, owiug to hb 
having movfd )is eye out of the^Bper range, or that il it 
intangible. '.;_•■''.■■. i 

This kind of deception may be illustrated by any om 
who has a concaie mirror onfy of three or four inchesi 
diameter, in the following manner: 

Suppose the tumbler a, to be £lled with water, and phtM 
beyona the principal focus of the concave mirror, fig. 158, 
and so managed as to be hid from the eye c, by the screen 
£. The lamp by which thetumblej is ilTnminated mustalai 
be placed behind the screen, and ne.ar the lumbter. Toi 
person placed at c, the tumbler with its contentg will appeu 
inverted at e, and suspended in the air. By carefully mov- 
ing forward, ond stitl keeping the eye in the same line witl 
respect lo the mirror, the person may pass hia hand throcgi 
the shadow of the tumbler ; but without such conviction, anj 
one unacquainted with such things, could hardly be made!) 
believe that the image wag not a reality. 



What property haa the coneiTe mirror, by which singular deaf 
tions may be produced T What are tbrae deceptions *! Describe ibl 
manner in which a tumbler with Its conlents may'lje made '" •"«~ » 
verted in the air. ' 



VJ 
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Fig. 15a 




By ?^^cing another screen between the mirror an 1 tii** 
\lO«^S^' and permitting the converging rnys to pass ihruucrh 
et^^V^^^^^® ^^ ^^' ^^^ mirror may be nearly covered from ilin 
^yCi^^^ Aus the deception would be increased. 

6**^' The image reflected from n concave mirror, ninv»s 

to ^^ same direction with the object, when the ol«j» »*l is 

3. ^r^^^ ^^e principal focus ; but when the objrct is moro r«-- 

-_■ tntftetnan the principal focus, the image moves in a conlra- 

^ - ly direction from the object, because the rays then cross 

--'■ each other. If a man place himself directly before a lar*:** 

~ Coocave mirror, but farther from it than the centre of ron- 

.1 ji tofity, he will see an inverted image of himself in ihr ;iir, 

~M between him and the mirror, but less than himself. Ami if 

■cm iehold out his hand towards the mirror, the hand of his 

^ imiige will come out toward his hand, and he may imagine 

that be can shake hands with his image. But if he Tt>ach 

Ill's hand further towards the mirror, the hand of th*- ima2ro 

iFill pass by his hand, and come between his hand and his 

hodj; and if he move his hand toward either side, the hand 

of the image will move in a contrary direction, so that if the 

object moves one way, the image will move the other. 

680. The convave mirror having the property of con- 
verging the rays of light, is equally efRcient in concentra- 
ling the rays of heat, either separately, or with the Jight, 
When, therefore, such a mirror is presented to the rays of 
the ^D, it brings them to a focus, so as to produce degrees 
of hMi in proportion to the extent and perfection of its re- 
flecting sur&ce. A metallic mirror of this kind, of only 
, — I ■ - ■ - • - 

Why doe9 the image move in a contrary direction from its objcot, 
when the oiject is beyond the principal focus 1 Will the concave 
mirror concentrate the rays of heat, as .wcU as those of light 1 



LUt MIBBOBS. 

four or six iuchea in diunetitr, will fiise metals, ttt wood on 
fare. Slc. 

681. Aa the parallel Tays of heat or light are brought to 
ft fbcuB at the distaace of one quarter of the diameter of the 
sphere, of which the reflector ia a Bection, so if a lumi&oui 
or heated body be placed at this point, the rays from Buch 
bod^ passing to the mirror will be reflected- from all patta 
of Its surface, in parallel lines ; and the rays ao reflected, 
by the same law, will be brought to a focus by another mii- 
Tor Btanding opposite to this. 

Fig. 169. 




be placed in the principal focni I 



a red hot ball 
of the mirror a, fig, 159, the raya of heat and light proceed- 
ing from it will be reflected in the parallel lines 1, 2, 3, 
&c. The reason of this is the same as that which cauaei 
parallel rays, when falling on the mirror, to be converged 
to a focus. The angles of incidence being equal to tho» 
of reflection, it makes no difference in this respect, whether 
the rays pass to or from the focai. In on& caae, parallel 
incident rays from the sun, are concentrated by reflection: 
and in the other, incident diverging rays, from the healei 
ball, are made parallel by reflection. 

The rays jhprefore, flowing from the hot ball to the mir 
Tor a, are thrown into parallel lines by reflection, and theaa 
reflected rays, in respect to the mirror b, become the nfi 
of incidence, which are again brought to a focna by reflic- 



Suppose a luminou 
ror, in what direction 
■how why the rays 



body be placed in the focua of a concave mi 

wiU iti raya be reflected 1 Explain Sc. 199, u 

— • - eoneoitrattd in tbil 
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Thus the heat of the baJ], by being placed in the focus ot 
one mirror, is brought to a focus by the reflectioo of the 

other mirror. 

Several striking experiments may be made with a pair 

of concave mirrors placed facing each other, as in the figure. 
If a red hot ball be placed in the focus of a, and some gun- 
powder in the focus of b, the mirrors being ten or twenty 

. feet apart, according to their dimensions, the powder wifl 
flash by the heat of the ball, concentrated by the second 
mirror. To show that it is not the direct heat of the ball 
which sets fire to the powder, a paper screen may ho placed 
between the mirrors until every thing is ready. The oper- 
ator will then only have to remove the screen, in order to 
0ash the powder. 

To show that heat and light are separate principles, place 
^ piece of phosphorus in the focus of 6, and when tho ball 
is so cool as not to be luminous, remove the screen, and the 
pAosphorus will instantly inflame. 

Refraction by Lenses. 

682. A Lens is a transparent body, generally made of 
trass, and so shaped that the rays of light in passing through 
K are either collected together or dispersed. J^^ns i.i ri 
Latin word, which comes from lentil e^ a small flat bean. 

It has already been shown, that when the rays of Vmhl 
pass from a rarer to a denser medium, they are nfracletl, or 
Dent out of their former course, except when they happi-n 
to fall perpendicularlj'- on the surface of the mrdium. 

The point where no refraction is produced on ptrpondi- 
cnlar rays, is called the axis of the lens, which is a v'\^\\i 
line passing through its centre, and perpendicular to both 
its surfaces. 

In every beam of light, the middle ray is called its aj-i.<. 

Rays of light are said to fall directly upon a Ions, wln-n 
their axes coincide with the axes of the lens; otherwise tln»v 
are said to fall obliquely. 

The point at which the rays of the sun are coIJfCtcii, ^' 
passing through a lens, is called the principal focus of thnt 
lent. 

What curious experiments may be made by two concave mirron 
placed opposite to each other ? How may it be shown that heat and 
lisht are distinct principles 1 What is a lens 1 What is the axis of 
a lens 1 In what part of a lens is no refraction produced ? Where is 
the axis of a beam of light 1 When arc rays of light said to fail di- 
rectly upon a lens 1 

17 
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6S3. Lenses aie of Tarious l[uid>, and have receiTcd cer- 
tain names, depending on their shapes. The different Icinds 
are shown at ng. 160. 

Fig. 160. 
a, 6 c__ a, e f 9 h i ^ 

r S 

A. prism, seen at a, has two plane sui&ces, a r, and a t, 
inclined to each other. i 

A plane glass, shown at b, has two plane sntbces, paral- 
lel to each other. 

A spherical lens, c, is a ball of glaos, and has erery pari 
of its surface nt an equal distance frora the centre. 

A double concave lens, d, is bounded by two convex snr- 
facea, opposite to each other. 

A plano-concaTre lenx, «, is bounded by a conTez surfkci 
on one side, and a plane oo the other. 

A double-coneave lens, f, ia bounded by two concave sphoi- 
ical surfaces, opposite (o each other, 

A plano-concave lens, g, is bounded by a plane sur&ce 
on one side, and a concave one on (he other. 

A meniscTis, h, is bounded by one concave and one convei 
spherical surface, which two surfaces meet at the edge of 
the lens. 

A concavo-convex lens, i, is bounded by a concave and 
convex surface, bui which diverge from each other, if con- 
tinued. 

The etfects of the prism on the Qiya of ligh( will be shown 
in another place. The refraction of the plane glass, bends 
the parallel rays of liifhl equally towards the perpendicular, 
as already shown. The sphere is not often employed as ■ 
lens, since it is inconvenient in use. 

684. Convex lbns. It has been shown m a former pari 
of this article, that when a ray of light passes obliquely out 
of a rarer into a denser medium, it is refracted, or turned 
out of its former course. 

Suppose, then, there is presented to the rays of light, « 
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piece ofglaas, with its sur&ce so shaped, that ail the rays, 
Axeept those which pass through its axis, are refracted to- 
wards the perpendicular, it is obvious that they would all 
tinaliy meet the perpendicular ray, and there form a focus. 

685. The focal distances of convex lenses, depend on their 
legrees of convexity. The focal distance of a single, or 
plano-convex lens, is the diameter of a sphere, of which it 
IS a section. 

If the whole circle, Fig- 161. 

Hg. 161, be considered 
(he circumference of a 
sphere, of which the pla- 
no-convex lens, b a,iaa, 
section, then the focus of 
parallel rays, or the prift^j 
cipal focus, will be at the 
opposite side of the 
sphere, or at e. 

686. The focal dis- 
tance of a double convex lens, is the radius, or half the diam- 
eter of the sphere of which it is a part. Hence the plano- 
convex lens, being one half of the double convex lens, the 
latter has about twice the refractive power of the former ; 
for the rays suffer the same degree of refraction in passing 
out of the one convex surface, that they do in passing into 
the other. 

The shape of the dou- Fig. 163. 

ble convex lens, d c, fig. 
162, is that of two plano- 
convex lenses, placed 
with their plane surfaces 
in contact, and conse- 
quently the focal distancej 
of this lens is nearly the 
centre of the sphere of 
which one of its surfaces 
is a part. If parallel 
rays rail on a convex 
lens, it is evident that the ray only, which penetrates the 
axis and passes towards the centre of the sphere, will pro- 




On what do the focal distances of convex lenses depend 1 What is 
the focal distance of any plano-convex lens "i What is the tbcal dia- 
tanceof the doable convex lens 1 What is the shi^ of the double 
eonv«x knal 



.^^ 
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eeed Without refractioi^ at thown in th« abeve fifOML JUl 
the others will be refrtieted so aa to meal the parpendieiilar 
iwat a greater or less distance, depending on the eoQTaiity 
oTthe lens. 

687. If diverffing rap fitll on the sorfiu^e of the same 
lens, they will, hy refraction, bo reodeied leas divergeol. 
parallel or convergent, according to^fhe degreea of uieir 
divergency, and the convexity of me imr&ce of the leos. 

Thus, the diverg- Fig. lO. 

ing rays 1, 2, &c. 
fig. 163, are re- 
fracted bv the lens — — i— » 

a 0, in a degree just 

sufficient to render ^ 

them parallel, and 
therefore would —— 
pass off in .right ■ 
lines, indefinitely, 
or without ever 
forming a focus. 

688. It is obvious by tne same law, that^ were the vaji 
less divergent, or were the sur&ce of the lens more conrex, 
the rays in fig. 163 would become omvergent, insleiul d 
parallel, because the same refractive power which would 
render divergent rays parallel, would make parallel raff 
convergent, and converging rays still more convergent 

Thus the pencils of converging rays, Kg* ^»*» 

fig. 164, are rendered still more conver- 
gent by their passage through the lens,' 
and are therefore brought to a focus 
nearer the lens, in proportion to their 
previous convergency. 

689. The eye glasses of spectacles 
for old people are £)uble convex lenses, 
more or less spherical, according to the 
age of the person, or the magnifying 
power required. 

The common burning glasses, which are used for light- 
ing cigars, and sometimes for kindling fires, are also oonvsz 
lenses. Their effect is to concentrate to a focus, or point, 
the heat of the sun which &lls on their whole sur&ce ; and 

How are divergent rays affected b y paa aing through a convex kail 
What is its effect on parallel rayal What is its efict on eonveigiaf 
raysl What kind oflenses are spectacle glasses for old peopfel 
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honce the intensity ot their eflects is in proportion to the 
extent of their surfaces, and their focal lengths. 

One of the largest burning glasses ever constructed, was 
made by Mr. Parker, of London. It was three feet in diam- 
eter, with a focal distance of three feet nine inches. But 
in order to increase its power still more, he eir ployed ano- 
ther lens about a foot in diameter, to bring its rays to a 
smaller focal point. This apparatus gave a most mttnsu 
degree of heat, when the sun was clear, so that *20 grains 
of gold were melted by it in 4 seconds, and ten grains of 
platma, the most infusible of all metals, in 3 seconds. 

690. It has been explained, that the reason why the con • 
vex mirror diminishes the images of objects is, that the rays 
which come to the eye from the extreme parts of the obj<.H:t 
are rendered less convergent by reflection, from the convt-x 
surface, and that, in consequence, the angle of vision is mad-e 
more acute. 

Now, the refractive po.verof the convex lens has '•xacily 
the contrary effect, since by converging the rays flowin'_| 
from the extremities of an object, the visual anjjle is rcndtTi-d 
more obtuse, and therefore all objects seen through it appear 
magnified. 

Suppose the object a, fig. Fl^- 103. 

165, appears to the naked 
eye of the length represented 
in the drawing. Now, as 
the rays coming from each 
end of the object, form, by 
their convergence at the eye, the visual angle, or the angle 
under which the object is seen, and we call objects large or 
small, in proportion as this angle is obtuse or avjue, if ihiTC- 
fore the object a be withdrawn further from the eyir, it is 
apparent that the rays o, o, proceeding from its extmniiits, 
will enter the eye under a more acute angle, and thert-foro, 
that the object will appear diminished in proportion. This 
is the reason why thmgs at a distance appear smaller than 
when near us. When near, the visual angle is increased, 
ind when at a distance, it is diminished. 




What 18 said to be the diameter of Mr. Paricer*! gnat convex leni 7 
What IS the focal distance of this lensl What is said of its heating 
power 1 What is the visual angle 1 Why doea the una objed, 
wHen at a distance, appear smallBr than when nearl 



^ \ 




IM LBimDB. 

091. The «Act of the caam lew it 
to meresae the Tboal enffleb hy bendiBig 
the njB of light coming nom the objeGt» 
K>aa to make them meet at the eye more 
obtusely ; and hence it has the same tt 
fedt, in respect to the visnal anglot as a 
bringing the object nearer the eya 1^ 
is shown by Ag. 166, where it is eb^kNlJ^ 
that did the rays flowing from the eitieioft' - 
ities of the arrow meet the eye wftbont 
refraction, the yisaal angle would be less; and theiefm the 
object would appear shorter. Another effect of die cohtoi 
lens, is to enable us to see objects nearer th&eye,t]uui with- 
out it, as will be explained under the article mtion. 

Now, as the rays of light flow from all parts of a liaihk 
object of whatever shape, so the breadth, as well as die 
length, is increased by tne couTez lau, and thus the whole 
object appears magnified. 

693. iSoNOATB LENS. — The effect of the concave lens is 
directly opposite to that of the convex. In other terms, by 
a concave lens, parallel rays are rendered diverspng, con- 
verging rays have their convergency diminished, and di- 
verging rays have their divergency increased, according to 
the concavity of the lens. 

These glasses, therefore, exhibit things smaller than thejr 
really are, for by diminishing the converpfence of the rays 
coming from the ^treme pomts of an object, the visual ss- 
ffle is rendered more acute, and Jience the object appean 
diminished by this lens, for the opposite reason that it if 
increased by the convex lens. This will be made plain ty 
the two following diagrams. 

Suppose the object a b, ^g. Rg. Ifi7. 

167, to be placed at such a dis* ^ 

tance from the eye, as to give 
the rays flowing from it, the 
degrees of convergence repre- 
sented in the figure, and sup- 
pose that the rays ente'r the eye 
under such an angle as to mate 
the object appear two feet in 
length. 

^— — ^ 

What IS the efiect of the convex lent on the visual aaglel Wlf 
does an object appear larger through the convex lens than oUMrwml 
What 18 the eflect of the concave lens 1 What elfeet does this hoB hatt 
upon parallel, diverffinff, and conTerging rays 1 Why do objects ap> 
pear Mnaller through t&glas^thantkyde to tbsBAMeysT^ 




viaroR^ 
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Now, the length of the same I^* lA 

dbject, Beea thioogh the concave 
lens, fig. 168, will appear dimin- 
ished, because the rays coming 
from it are bent outwards, or 
made less conversfent by refrac- 
tion, as seen in the figure, and 
consequently the Tiaaaf angle is 
more acute than when the same object is seen by the naked 
eye. Its length, therefore, will appear less, in proportion 
as the rays are rendered less convergent. 

The spectacle glasses of short-sighted people are concave 
lenses, by which the images of objects are formed further 
back in the eye than otherwise, as will be explained unde. 
the next article. 

Vision. 

693. In the application of the principles of optics to the 
explanation of natural phenomena, it is necessary to give a 
description of the most perfect of all optical instruments, 
the eye. 

694. Fig. 169 is a Fig. 169. 
vertical section of the 
human eye. Its form 
is nearly globular, with 
a slight projection or. 
elongation in front Iv 
consists of four coats,; 
or membranes; name- 
ly, the sclerotic^ the 
eomeOf the cioroid^ and 
the retina. It has two 
fluids confined within 
these membranes, called the aqueous, and the vitreous hum* 
ours, and one lens, called the crystalline. The sclerotic 
coat is the outer and strongest membrane, and its anterior 
part is well known as the tffhite of the eve. This coat is 
marked in the figure a, a, a, (l It is jomed to the cornea, 

Explain figures 167 and 168, and show the reason why the same ob- 
ject appears smaller through 168. What defect in the eye requires con- 
cave lenses 1 What is the most perfect of all optical instruments 1 
What is the form of the human eye 1 How many coats, or membranes, 
has the eye *{ What are theycaUed.1 How many fluids has the eye, 
and what are they called 1 What it the lens of the eye called 1 What 
eoat forma the wnite of the eyel 
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ht ht which k tae transparent memlmne in ANmt of the eye, 
through which we see. The choroid oioat is a dun, Ash* 
eate membrane, which lines the sclerotic coat oa the insidib 
On the inside of this lies the retina, d^ d, dfd^ whidi ]i^tIM 
innermost coat of all, and is an expansion, or continnatioB, 
of the optic nerve o. This expansion of the optic nerve tt 
the immediate seat of vision. The iris, 0, 0, is seen through 
the cornea, and is a thin membrane^'flr curtain, of difierent 
colours in different persons, and thmfore gives colour to 
the eyes. In black eyed persons it is blacl^ in Uue eyed 
persons it is blue, &c. Through the iris, is a circular open- 
ing, called the pupU, which expands or enlarges when the 
light is faint, and contracts when it is too strong. The space 
between the iiis and the cornea is called the anierior ekamber 
of the eye, and is filled with the aqueous humour, so called 
from its resemblance to wat^r. Behind the pupil and iris 
is situated the crystalline lens e, which is a firm and per- 
fectly transparent body, through which the rays of light 
pass from the pupil to the retina. Behind the lens is situa- 
ted the posterior chamber of the eye, which is filled with 
the vitreous humour, v, v. This humour occupies much 
the largest portion of the whole eye, and on it depends the 
shape and permanency of the organ. 

695. From the above description of the eye, it will be 
easy to trace the progress of the rays of lignt. through Jto 
several parts, and to explain in what manner vision is pe^ 
formed. 

In doing this, we must keep in mind that the rays of light 
proceed from every part ana point of a visible object, as 
heretofore stated, and that it is necessary only for a few of 
the rays, when compared with the whole number, to entei 
the eye, in order to make the object visible. 

Thus, the object a b, fig. 170, being placed in the 
light, sends forth pencils of rays in all possible direo* 



Describe where the several coats and humours are situated. WfaH 
is the iris 1 What is the retina 1 Where is the sense of vision 1 WlMt 
is the desi^ of fig. 170 1 What is said concerning the small amlNr 
of the ravs which enter the eye from a visible, object ? Rvplain the dt» 
sign of fig. 170. 



tionit •ODM of which will 
aUika the eye in any posi- 
tioB where it ia visible. ^ 
These pencils of niys not 
only flow from the points 
deeiznated in the figure, hot 
in Vie same manner from 
every other point on the sur- 
face of a visible (^ject To 
render an object visible, 
therefore, it is only neces- 
laxy that the eye should col- 
lect and concentrate a suffi- 
cient number of these rays on 
the retina, to form its image 
there, and from this image 
the sensation of risioD is ex- 



696. From the luminous body l,&g. 171, the pencils of 
nys flow in all directions, but it is only by those which en- 
Pig. ITl. 





ter the pupil, that we nfht any knowledge of its existence ; 
and even these would convey to the mind no distinct 
idea of the object, unless they were refracted by the hu- 
mours of the eye, for did these rays proceed in their natural . 
state of divergence to the retina, the image there formed 
would be too extensive, and consequently too feeble to give 
a distinct aenaation of the object. 

It is, therefore, by the refracting power of the aqueous 
liumonr, and of the crystalline lens, thai tfee pencils of rays 
are so concentrated as to form a perfect picture of the object 
on the retina. 

We have already seen, that when the ray^bf light are 
made to cross each other by reflection from tbe concave mir* 



Why wonli , 

lirillKiqt rrfrutiiMi by the 



lysof linhigiTi 
intsiMKBiof tb 



B diiiioet idea of dw objeei, 
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ror, the image of the'oUect is inTerted; the auM hnniMM 
when the rays are made to cross each other by lefiDactka 
through a conyex lens. This, indeed, must be m necesiurj 
consequence of the intersection of the rays: knt^ as light 
proceeds in straight lines, those rays whicn come from the 
lower part of an object, on crossing those which come finooi 
its upper part, will represent this part of the picture on the 
upper half of the retina, and, for tne same reason, thennper 
part of the object will be painted on the lower part of the 
retina. 

697. Now, all objects are represented on the retina in an 
inverted position ; that is, what we call the upper end of a 
vertical object, is the lower end of its picture on the retina, 
and so the contrary. 

This is readily moved by taking the bye of an ox, and 
cutting away the sclerotic coat, so as to make it transparent 
on the back part, next the vitreous humour. If now a piece 
of white paper be placed on this part of the eye, the images 
of objects will appear figured on the paper in an inveiied 
position. The same effect will be produced on looking at 
things through an eye thus prepared; they will appear in* 
verted. 

The actual position of the vertical object a, fig. 172, at 
painted on the retina, is therefore such as is represented by 
the figure. 
The rays . Fig. ITU. 

from its up- 
per extremi- 
ty, coming 
in divergent 
lines, are con- 
verged by the 0' 
crystalline 
lens, and fall 

on the retina at o ; while those from its lower extremity, bj 
the same law, fell on the retina at c. 

698. In order^hat vision may be perfect, it is necessaij 
that the images of objects should be formed precisely ot 
the retina, and consequently, if the refractive power of thf 
eye be too small, or too great, the image will not foil ex 

Explain how it is that the images of objects are inverted on the lefc* 
ina. What experiment proves that the images of objects are inverted 
on the retina ? Explain fif. 173. Suppose Ae refinGdv« mnver of tiN 
eye IS too great, or too iltile, why will vin<»i be imperftet 1 
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tfitljr on the seat of vision, but will be formed either before, 
or tend to form behind it In both cases, perhaps, an out- 
line of the object may be visible, but it will be conftised and 
mdistinct. 

699. If the cornea is too convex, or prominent, the image 
will be formed before it reaches the retina, for the same rea- 
son, that of two lenses, that which is most convex will have 
the least focal distance. Such is the defect in the eyes of 
persons who are short sighted, and hence the necessity of 
(heir bringing objects as near the eye as possible, so as to 
make the rays converge at the greatest distance behind the 
crystalline lens. 

The effect of uncommon convexity in the cornea on the 
rays of light, is shown at fig. 173, where it will be ob- 



Fig. 173. 




served that the image, instead of being formed on the retina 
', is suspended in the vitreous humour, in consequence of 
ihere being too great a refractive power in the eye. It is 
hardly necessary to say, that in this case, vision must be 
very imperfectly performed. 

This defect of sight is remedied by spectacles, the glasses 
of which are concave lenses. Such glasses, by rendering 
the rays of light less convergent, before they reach the eye, 
counteract the too great convergent power of the cornea and 
lens, and thus throw the image on the retina. 

700. If, on the contrary, the humours of the eye, in con- 
sequence of age, or tmv other cause, have become less in 
auantity than ordinary, ene eyeball will not be sufficiently 
oistended, and the cornea will become too flat, or not suffi- 
ciently convex, to make the rays of light meet at the proper 
place, and the image will therefore tend to be formed be- 



If the cornea is too convex, where will the image be formed 1 How 
IS the sight improved, when the cornea is too convex 1 How do such 
lenses act to improve the sight 1 Where do the rays tend to meet when 
the cornea is not sufficiently convex 1 
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yond the retina, instead of before iti as in tlia other 
Hence, aged people, who labour under this defect of Tioon, 
cannot see distinctly at. ordinary diatancee, but are obliged 
to remove the object as far from the e;^e as possible, so as to 
make its refractive power bring the image within the seal 
of vision. 

The defect arisinff from this cause is represented by fig 

ure 174, where it wul be observed that the image is formra 

Clg.lTl 




behind the retina, showing that the ^convexity of the comet 
18 not sufficient to bring the ima^ within the seat of die* 
tinct vision. This imperfection of sight is common to aged 
persons, and is corrected in a greater or less degree by 
double convex lenses, such as the common spectacle glaasea 
Such glasses, by causing the rays of light to converge, be- 
fore they meet the eye, assist tne refractive power of the 
crystalline lens, and thus bring the focus, or image, within 
the sphere of vision. 

701. It has been considered difficult to account for the 
reason wh}^ we see objects erect, ^hen they are painted oa 
the retina inverted, and many learned theories navo been 
written to explain this fact. But it is most probable thst 
this is owing to habit, and that the image, at tne bottom of 
the eye, has no relation to the terms above and below, bat to 
the position of our bodies, and other things which surronnd 
us. The term perpendicular^ and the idea which it con- 
veys to the mind, is merely relative ; but when applied tfi an 
object supported by the earth, and extending towards the 
skies, we call the body erect, because it coincides with Ae 
position of our own bodies, and we see it erect for the same 
reason. Had we been taught to read by turning our booli 
upside down, what we now call the upper part of the book 

How is vision assisted when the eye wants convescityl How 
do convex lenses help. the sig^ of aged people Y Why do we see thiiii 
f;jrcct, when the images are inverted on Uie retiaa 1 
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would haye been its under part, and that reading would have 
been as easy in that position as in any other, is plain from 
the &ct that printers read their types, when set up, as rea- 
dily as they do its impressions on paper. 

702. Angle of Vision. — The angle under which the rays 
of light, coming from the extremities of an object, cross each 
other at the eye, bears a proportion directly to the length, 
and inversely to the distance of the object. 

Suppose the object a b, fig. 175, to be four feet long, and 
to be placed ten feet from the eye, then the rays flowing 
from its extremities, would intersect each other at the eye, 

Pig. 175. 




under a given angle, which will always be the same when 
the object is at the same distance. If the object be gradu- 
ally moved towards the eye, to the place c d, then the angle 
will be gradually increased in quantity, and the object will 
ap}>ear larger, since its image on the retina will be increas- 
ed in length in the proportion as the lines i i are wider apart 
than 0. On the contrary, were a b removed to a greater dis- 
tance from the first position, it is obvious that the angle 
would be diminished in proportion. 

The lines thus proceeaing from the extremities of an ob- 
ject, and representing the rays of light, form an angle at the 
eye, which is called the visual angle, or the angle under 
which things are seen. These lines a n b, therefore, 
form one visual angle, and the lines end another visual 
angle. 

We see from this investigation, that the apparent magni- 
tude of objects depending on the angles of vision, will vary 
according to their distances from the eye, and that these 
magnitudes diminish in a proportion inversely as their dis- 

What is the visual an^lel How may the visual angle of the same 
object be increased or diminished % When do objects of different mag- 
nitudes fbnn the same visoal angle 1 

18 
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tances increase. We learo, alao, from the same principlea 
that objects of different magnitudes may be so placed, witii 
respect to the eye, as to give the same Yisual* angle, and 
thus to make their apparent magnitudes equal Thus the 
three arrows, o^ e, and m, though difiering so much in 
length, are all seen under the same visual angle. 

703. In the apparent magnitude of objects seen through a 
lens, or when their images reach the eye hy reflection ft'om 
a mirror, our senses are chiefly, if not entirely, guided by 
the angle of vision. In forming our judgment of the sizes 
of distant objects, whose magnitudes were before unknown, 
we are also guided more or less by the visual angle, thoagh 
in this case we do not depend entirely on the sense of vision. 
Thus, if we see two balloons floating in the air, one of which 
is larger than the other, we judge of their comparative mag- 
nitudes by the diflerence in their visual angles, and of their 
real magnitudes by the same angles, and the distance we 
suppose them to be from us. 

But when the object is near« us, and seen with the naked 
eye, we then judge of the magnitude by our experience, and 
not entirely by the visual angle. Thus, the three arrows, 
a, e, m, fig. 175, all of them make the same angle on the 
eye, and yet we know, by further examination, that they are 
all of different lengths. And so the two arrows a b, and e 
d, though seen under different visual angles, will appear of 
the same size, because experience has taught us that this 
difference depends only on the comparative distance of the 
two objects. 

704. As the visual angle diminishes inversely in propor- 
tion as the distance of the object increases, so when the dis- 
tance is so great as to make the angle too minute to be per- 
ceptible to the eye, then the object becomes invisible. Thus, 
when we watch an eagle, flying from us, the angle of vision 
is gradually diminished, until the rays proceeding from the 
bird form an image on the retina too small to excite sensa- 
tion, and then we say the eagle has flown out of sight. 

The same principle holds with respect to objects which 
are near the eye, but are too small to form an image on the 
retina which is perceptible to the senses. Such objects, to 
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Explain fiff. 175. Under what circumstances is our sense of vi8i< 
guided entirely by the visual angle 1 How do we judge of the mag- 
nitudes of distant objects 1 How do we judge of the cdmparative sicA 
o^ objects near us 1 When does a retreating object become invlaibit 
10 the eye? 
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the nnked eye, are of couTse inviaible, but when the Tunal 
augle is enlarged, by means of n. convex lens, they become 
visible; that ia, theii images on the retina excite sensation. 

706. The actual size of an image on the retina, capable 
of exciting sensation, and consequently of producing vision, 
may be too small for us to appreciate by any of our othef 
senses; for when we consider how much smaller the imago 
must be than the object, and that a human hair can be dis- 
tinguished by the naked eye at the distance of twenty or 
thirty feet, we must suppose that the retina ia endowed with 
the most delicate sensibility, to be excited by a cause so mi- 
nute, h has been estimated that the image of a man, on the 
retina, seen at the distance of a mile, is not more than the 
five thouaandth part of an inch in length. 

706. On the contrary, if the object be brought too near 
the eye, its image becomes confused and indistinct, because 
the rays flowing from it, fall on the crystalline lens in a 
^te too divergent to be refracted to a focus on the retina. 

This will be apparent Fig. 176^ 

by fig. 176, where we , 
^tippose that the object a, 
is brought within an inch 
or two of the eye, and that, 
the rays proceeding from 
it enter the pupil so ob- 
liquely as not to be re- | 
fracted by the lens, so as J 
to form a distinct image. 

Could we see objects distinctly at the shortest distance, 
we should be able to examine things that are now invisible, 
since the visual angle would then be increased, and conse- 
qaently the image on the retina enlarged, in proportion as 
objects were brought near the eye. 

This is proved by intercepting the most divergent rays: 
in which case an object may he brought near the eye, and 
will then appear greatly magnified. Make a small orifice, 
aa a pin-hole, through apiece of dark coloured paper, and 
then look through the orifice at small objects, such as the 

How does n convex leni acl to make ua see objects which are invist- 
bla without it 1 What i» siiid of the actual aixe of an imago on Iha ret- 
inal Why are objecta indiBtincl when brought too near the eye! 
SappOBB objecta could be seen diatinclly within an inch or two of iha 
ore, how would their dimenalons be affecMid 1 How is H proTed that 
abjecU placed near the ey« an magniaed t How does a bidbU «i&ea 
bmUb ui to aee an abject di»tincily near the eyel 
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letters of a printed book. The letters will appear much 
magnified. The rays, in this case, are refracted to a, focas, 
cm the retina, because the small orifice prevents those which 
are most divergent from entering the eye, so that notwith- 
standing the nearness of the object, the rays which form the 
image are nearly parallel. 

Optical Instruments. 

707. Single Microscope. — The principle of the single 
microscope, or convex lens, will be readily understood, if 
the pupil will remember what has been said on the refrac* 
tion of lenses, in connexion with the facts just stated. For, 
the reason why objects appear magnified through a convex 
lens, is not only because the visual angle is increased, but 
because when brought near the eye, the diverging rays froip 
the object are rendered parallel by the lens, and are thus 
thrown into a condition to be brought to a focus in the pro- 
per place by the humours. 

Let a, fig. Fig. 177. 

177, be the dis- 
tance at which 
an object can 
be seen dis- 
tinctly, and b, 
the distance } 
at which the 
same object is seen through the lens, and suppose the dis- 
tance of a, from the eye, be twice that of b* Then, because 
the object is at half the distance that it was before, it will 
appear twice as large ; and had it been seen one third, one 
fourth, or one tenth its former distance, it would have been 
magnified three, four, or ten times, and consequently its sar 
face would be increased 9, 16, or 100 times. 

708. The most powerful single microscopes are made ol 
minute globules of glass, which are formed by melting the 
ends of a few threads of spun glass in a candle. Small 
globules of water placed in an orifice through a piece of 
tin, or other thin substance, will also make very powerful 
microscopes. In these minute lenses, the focal distance is 
only a tenth or twelfth part of an inch from the lens, and 

Wh^ does a convex lees make an object distinct when near the eyel 
Explam fig. 177. How are the most powerful single microsoopet 
madel 
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therefore the eye, as well as the object to be magnihsul, must 
be brought very near -the instrument. 

709. The Compound Micropcope consists of two convex 
lenses, by one of which the image is formed within ihe tub^ 
of the instrument, and by the other this image is magnified, 
as seen by the eye ; so that by this instrument the object it- 
self is not seen, as with the single microscope, but we see 
only its magnified image. 

The small lens placed near the object, and by which its 
image is formed within the tube, is called the object gUss, 
while the larger one, through which the image is seen, is 
called the e^e glass. 

This arrangement is represented at fig. 178. The object 
a is placed a little beyond the focus of the object glass b, by 
which an inverted and enlarged image of it is formed within 
the instrument at c. This image is seen through the eye 

Fig. 178. 




glass d, by which it is again magnified, and it is at last 
figured on the retina in its original position. 

These glasses are set in a case of brass, the object glass 
being made to take out, so that others of different magnify- 
ing powers may be used, as occasion requires. 

710. The Solar Microscope consists of two lenses, one 
of which is called the condense'^, because it is employed to 
concentrate the rays of the sun, in order to illuminate more 
strongly the object to be magnified. The other is a double 
convex lens, of considerable magnifying power, by which 
the image is formed. In addition to these lenses, there is a 
plain mirror, or piece of common looking glass, which can 

How many lenses foim the compound microscope 7 Which is the ob- 
ject and which the eye glass 1 Is the object seen with this instrument, 
or only its image 1 Ejmlain fig. 178, and show where the image is 
formed in this tube. How many leiises has the solar microscope 1 
Why ia one of the lenses of the solar mtcrrosccMse called the condenser 1 
Describe the uses of the two lenses ana tiie reflector. 

18* 
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ba moral in any direcdon, and vhieli reflects tue myBoflht 
•on on the coitaenser. 

The oliject a, fig. 179, being placed oeuljr in the fiKuof 
the eondataei b, la atnngly iHnmioated, in conseqaeDn 




t£ the nja of the sun being thrown on b, by the mimt 
The object is not placed exactly in the focus of the conda 
ler, because, in most cases, it would be soon destioyed bvil 
heat, and because the focal point nould illuminate oiuys 
small extent of surfitce, but may be exactly in the focm gf 
the small lens i^ by which no such accident can h&pp^ 
The lines o o, represent ihe incident lays of the sun, whieli 
are reflected on the condenser. 

When the solar microscope b used, the room is darkened 
the only light admitted being that which is thrown on the 
object by tne condenser, which light passing through the 
small lens, gives the magniGed shadow e, of the small objed 
4, on the wall of the room, or on a screen. The tube cm- 
taining the two lenses is passed through the window of ibt 
room, the reflector remaining outside. 

In the ordinary use of this instrument, the object itselfii 
not seen, but only its shadow on the screen, and it is not d& 
signed for the examination of opaque objects. 

711. When the small lens of the solar microscope it 
of great magnifying power, it presents some of the moH 
striking and curious of optical phenomena. The shadotn 
of mites from cheese, or figs, appear nearly two feet in 
iei^h, presenting an appearance exceedingly formidable 
ana disgusting ; and the insects from common vinegar a^ 
pear eight or ten feet long, and in perpetual motion, reaeffi' 
bling so many huge serpents. 

Is dw tAieet, or only the ibadow, Meo bf 
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Telescope. 

712. The Telescope is an optical instrument, employed to 
view distant bodies, and, in e^ct, to bring them nearer the 
eye, by increasing the apparent angles under which such 
objects are seen. 

These instruments are of two kinds, namely, refracting 
and reflecting telescopes. In the first kind, the image of the 
object is seen with the eye directed towards it ; in the sec- 
ond kind, the image is seen by reflection from a mirror, 
while the back is towards the object, or by a double reflec- 
tion, with the face towards the object. 

The telescope is the most important of all optical instru- 
ments, since it unfolds the wonders of other worlds, and 
gives us the means of calculating the distances of the heav- 
enly bodies, and of explaining their phenomena for astro- 
nomical and nautical purposes. 

The principle of the telescope will be readily compre- 
hended after what has been saia concerning the compound 
microscope, for the two instruments difler chiefly in respect 
to the place of the object lens, that of the microscope having 
a short, while that of the telescope has a long, focal diPtance. 

713. Refracting Telescope. — The most simple re- 
fracting telescope consists of a tube, containing two convex 
lenses, the one having a long, and the other a short, focal 
distance. (The focal distance of a double convex lens, it 
will be remembered, is nearly the centre of a sphere, of 
which it is a part.) These two lenses are placed in the 
tube, at a distance from each other equal to the sum of their 

two focal distances. 

Fig. 180. 




^ 



Thus, if the focus of the object glass a, fig. 180, be eisfht 
inches, and that of the eye glass b, two inches, then the dis- 

What is a telescope 1 How many kinds of telescopes are mention- 
ed 1 What is the difference between them 1 In what respect does the 
refracting telescope differ from the compound microscope 1 How is 
the most simple refracting telescope formed 1 Wh>ch is the object, and 
which the eye lens, in fig. 1801 What isAthe rule by which th&dit* 
%noe of the two glasses apart is found 1 
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tance of the sums of the foci will be ten inches, and, them 
Sore, the two lenses must be placed ten inches apart ; and 
the same rule is observed, whatever may be the focal lengths 
of any two lenses. 

Now, to understand the effect of this arrangement, sup- 
nose the rays of light, c d, coming from a distant object, as 
a star, to fall on the object glass a, in parallel lines, and to 
be refracted by the lens to a focus at «, where the image ol 
the star will be represented. This image is then magnified 
by the eye glass 6, and thus, in effect, is brought near the 
eye. 

714. All that is effected by the telescope, therefore, is to 
form an image of a distant object, by means of the object 
lens, and then to assist the eye in viewing this image as 
nearly as possible by the eye lens. 

It is, however, necessary here to state, that by the last 
figure, the principle only of the telescope is intended to be 
explained, for in the common instrument, with on\yKf/fO 
glasses, the image appears to the eye inverted. * 

The reason of this will be seen by the next figure, whcr^ j 
the direction of. the rays of light will show the position o/ 1 
the image. 

Fig. 181. 




Suppose a, fig. 181, to be a distinct object, from which 
pencils of rays flow from every point toward the object lenb 
b. The image of a, in consequence of the refraction of 
the rays by the object Ions, is inverted at c, which is the fo- 
cus of the eye glass d, and through which the image is then 
seen, still inverted. 

715. The inversion of the object is of little consequence 
when the instrument is employed for astronomical purposes, 
for since the forms of the heavenly bodies are spherical, 
their positions, in tins respect, do not affect their general 
appearance. But f r terrestrial purposes, this is manifestly a 
great defect, and therefore those constructed for such pur- 
How do the two glatses act, to bring an object near the eyet Ex- 
plain fig. 181, ana sho^' how the object comes to be mvertod by the 
two lenses 1 How is the iivvcTaioa of the object corrected 1 
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poses, as ship, or spy glasses, have two additional letimt^ 
by means of which, the images are made to appear in thi9 
same position as the objects. These are called doabh teUu 
scopes. 

Fig. 183. 




Such a telescope is represented at fig. 182, and consists 
of an object glass a, and three eye glasses, b, c, and d. The 
eye glasses are placed at equal distances from each other, so 
that the focus of one may meet that of the other, and thus 
the image formed by the object lens, will be transmitted 
through the other three lenses, to the eye. The rays coming 
from the object o, cross each other at the focus of the object 
!ens, and thus form an inverted image at / This image be- 
ing also in the focus of the first eye glass, b, the rays having 
passed through this glass become parallel, for, we have 
seen, in another place, that diverging rays are rendered par* 
sdlel by refraction through a convex lens. The rays, theia- 
fore, pass parallel to the next lens c, by which they are 
made to converge, and cross each other^ and thus the image 
is inverted, and made to assume the original position of the 
object 0. Lastly, this image, being in the focus of the eye 
glass J, is seen in the natural position, or in that of the ob« 
jeet. 

The apparent magnitude of the object is not changed by 
these two additional glasses, but depends, as in ^g. 182, on 
the magnifying power of the eye and object lenses ; the two 
glasses being added merely for the purpose of making the 
image appear erect. 

716. It is found that an eye glass of very high magnify-, 
ing power cannot be employed in the refracting telescope, 
because it disperses tl.e rays of light, so that the image be 
somes indistinct. Many experiments were formerly made 

Explain fig. 182, and show why the two additional lenses make the 
Image of the object erect. Does the addition of these two lenses mak< 
any difference with the apparent magnitude of the object 1 Wby oan* 
aot a highly magnifying eye glass m used in the teleicopel 
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with a view to obviate this difficulty, and among these k 
was found that increasing the focal distance of the object 
lens, was the most efficacious. But this was attended wirh 
great inconvenience, and expense, on account of the length 
of tube which this mode required. These experiments were, 
however, discontinued, and the refracting telescope itself 
chiefly laid aside for astronomical purposes, in consequence 
of the discovery of the reflecting telescope. 

717. Reflbctino Telescope. — The common reflecting 
telescope consists of a large tube, containing two concave re- 
flecting mirrors, of diflerent sizes, and two eye glasses. The 
object is first reflected from the large mirror to the small 
one, and from the small one, through the two eye glasses^ 
where it is then seen. 

718. In comparing the advantages of the two instm- 
ments, it need only be stated, that the refracting telescope, 
with a foeal length of a thousand feet, if it could be nsed, 
would not magnify distinctly more than a thousand timei^ 
while a reflecting telescope, only eight or nine feet long, wfll 
magnify with distinctness twelve hundred times. 

Fig. 183. 

r 



^ 




719. The principle and construction of the reflecting tele- 
scope will be understood by fig. 183. Suppose the object 9 
to be at such a distance, that the rays of light from it passiB 
parallel Hn^s, f p, to the great reflector r r. This reflector 
being concave, the rays are converged by reflection, and 
cross each other at a, by which the image is inverted. The 
rays then pass to the small mirror, b, which being also con- 
cave, they are thrown back in nearly parallel lines, and 
having passed the aperture in the centre of the great mirror, 
fell on the planoconvex lens e. By this lens they are re 

What is the most efficacious means of increasing the power of tht 
refractmg telescope 1 How many lenses and mirrors form the reflect- 
ing telescope 1 What are the advantages of the reflecting over the re- 
fracting telescope 1 Explain fig. 183, and show the course of the tafi 
troin the objea to the eye. 
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fimcted to a focus, and cross each other between e and d, and 
thus the image is again inverted, and brought to its original 
position, or in the position of the object. The rays then, 
passing the second eye glass, form the image of the object 
on the retina. 

The large mirror in this instrument is fixed, but the small 
one moves backwards and forwards, by means of a screw, 
so as to adjust the image to the eyes of different persons. 
Both mirrors are made of a composition, consisting of sev- 
eral metals melted together. 

720. One great advantage which the reflecting telescope 
possesses over the refracting, appears to be, that it admits of 
an eye glass of shorter focal distance, and, consequently, of 
greater magnifying power. The convex object glass of the 
refracting instrument, does not form a perfect image of the 
object, since some of the rays are dispersed, and others co- 
toured by refraction. This difficulty does not occur in the 
reflected image from the metallic mirror of the reflecting 
telescope, and consequently it may be distinctly seen, when 
more highly magnified. 

The instrument just described is called " Gregory's tele- 
tcope^^ because some parts of the arrangement were invent- 
ed by Dr. Gregory. 

721. In the telescope made by Dr. Herschel, the object Ls 
reflected by a mirror, as in that of Dr. Gregory. But the 
second, or small reflector, is not employed, the image being 
seen throucrh a convex lens, placed so as to magnify the 
image of the large mirror, so that the observer stands with 
his back towards the object. 

The magnifying power of this instrument is the same as 
that of Dr. Gregory's, but the image appears brighter, be- 
cause there is no second reflection ; for every reflection ren- 
ders the image fainter, since no mirror is so perfect as to 
throw back all the rays which fall upon its surface. 

722. In Dr. HerschePs grand telescope, the largest ever 
constructed, the reflector was 48 inches in diameter, and 
had a focal distance of 40 feet. This reflector was three 
and a half inches thick, and weighed 2000 pounds. Now. 
since the focus of a concave mirror is at the distance of one 

Why is the small mirror in this instrument madt to mo/e by means 
of a screw % What is the advantage of die reflecting telescope in ro- 
tpect to the eye glass 1 Why is the teleseope with two reflectors called 
Qregorjr's telescope 1 How does this instrument diflFer from Dr. Hcr- 
tdm's telescope 1 What was the focal distance and diameter of ths 
mirror in Dr. Hertchers great telescope 1 
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half the semi-diameter of the sphere, of whicli it is a section 
Di. HerschePs reflector having a focal distance of 40 feet, 
formed a part of a sphere of 160 feet in diameter. 

This great instrument was begun in 1785, and finished 
four years afterwards. The frame by which this wonder 
to all astronomers was supported, having decayed, it was 
taken down in 1822, and another of 20 feet focus, with a 
reflector of 18 inches in diameter, erected in its place, by 
Herschel's son. 

The largest HerschePs telescope now in existence is that 
of Qreen^^ch observatory, in England. This has a con- 
cave reflector of 15 inches in diameter, with a focal length 
of 25 feet, and was erected in 1820. 

723. Camera Obscur A. — Camera obscura strictly signi- 
fies a darkened chamber, because the room must be dfurk- 
ened, in order to observe its efiects. 

To witness the phenomena of this instrument, let a room 
be closed in every direction, so as to exclude the light 
Then from an aperture, say of an inch in diameter, admit a 
single beam of light, and the images of external things, such 
as trees, and houses, and persons walking the streets, will be 
seen inverted on the wall opposite to where the light is admit- 
ted, or on a screen of white paper, placed before the aperture. 

724. The reason why the image is inverted, will be ob- 
vious, when it is remembered that the rays proceeding from 
the extremities of the object must converge m order to pass 
through the small aperture ; and as the rays of light alwavs 
proceed in straight lines, they must cross each other at tb« 
point of admission, as explained under the article Vision, 



Thus, the 
pencil a, fig. 
184, coming 
from the up- 
per part of the 
tower, and 
proceeding 
straight, will 
represent the 
image of that 
part at J, while 
the lower part 



Fiff. 184. 




Where is the largest Herschel's telescope now in existence 1 Whil 
18 the diameter and focal distance of the reflector of this teloseoml 
Describe the phenomena of the camera obscura. Why is the inuM 
wrmea by the camera obacutti \w\^Tied \ ~"" 
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t, for the same leaaon will be represented st d. If a «»• 
vex lena, wilh a short tube, be placed in the apertnre 
through which the light passes into the room, the images 
of .things will be much more perfect, and their colours more 
brilliant. 

725. This instrumeat is 
sometimes employed by paint- 
ers, in order to obtain an exact 
delineation of a landscape, an 
outline of the image being ea- 
sily taken with a pencil, when 
the image is thrown on a sheet 
of paper. 

There are several modifica- 
tions of this machine, and 
among them the revolving ci 
mere ohscura is the most ii 
teresling. 

It consists of a small hous 
fig. 185, wuh a plane reflect-^ \^ 
or, » b, and a convex lens, e b, 
placed at its top. The reflect- 
or is fixed at an angle of 45 degrees with the horizon, so as 
to reflect the rays of light perpendicularly downwards, and 
is made to revolve quite around, in either direction, by 
pulling a string. 

Now suppose the small house to be placed in the open 
ait, with the mirror, a b, turned towards the east, then the 
rays of light flowing from the objects in that direction, will 
strike the mirror in the direction of the lines o, and be re- 
flected down through the convex lens c b, to the table t e, 
where they' will form in miniature a moat perfect and beau- 
tiful picture of the landscape in that direction. Then, by 
making the reflector revolve, another portion of the land- 
scape may be seen, and thus the objects, in all directions, 
can be viewed at k without changing the place of the in- 
strument. 

726. Maoic Lantern. — The Magic Lantern is a mi- 
zroscope, on the same principle as the solar microscope. 
But ii^ead of being used to magnify natural objects, it is 
commonly employea for amusement, by the casting shadows 

How may an outline of the !ma§e formeil by the camera obwjura tM 
takan 1 Draciibe the revolving camera ohacura. What ii tha mafic 
tantcm 1 Fpr wtiat purpose is this instrumeat Cfnpkijtd 1 



CHKOUATICB. 



of iniBll transparent paintiDgi done on ^bas, upoB a ktsw 
nlaeed at a pioper di0tanc& 

Pif. ie«. 




Let a candle c, fig. 186, be placed on the inside of a box, 
01 tube, BO that its light may pa« through the plano-coDTei 
lens «, and strongly illuminate the object o. This objoct i» 
generally a BmBll transpareot painting on a slip of glaes, 
which slides through an opening in the tube. In order to 
show the figurea in the erect position, these paintings are in- 
verted, since their shadows are again inverted by the refrac- 
tion of the conves lens m. 

In some of these inslruments, there is a concave mirroT, 
d, by which the object, o, is more strongly illuminated than 
it would be by the lamp alone. The object is magni6ed^ 
the double convex lens, m, which is moveable in the tube w 
a screw, so that its focus can be adjusted to the required St- 
tance. Lastly, there is a screen of white cloth, placed at 
the proper distance, on which the image, or shadow of the 
picture, is seen greatly magnified. 

The pictures being of various colours, and so transparent, 
that the light of the lamp shines through them, the shadows 
are also of various colours, and thus soldiers and horsemdi 
are represented in their proper costume. 

Cbrokatics, or thb Philosophv of Coloorb. 
727. We have thus for considered light aa a simple Bob 
■tance, and have supposed that all its parts were equally re 
fiacted, in its passage through the several lenses described 
But it will now be shown that light is a compound body, 
and that each of its rays, wttch to us appear wnite, is com 

DsMTibe '^d constructioa ana sBect of the ntaeic Jajitem. 
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posed of seyeral colours, and that each colour sufiers a dif- 
ferent degree of refraction, when the rays of light pass 
through a piece of glass, of a certain shape. 

728. The discovery, that light is a compound substance, 
and that it may be decomposed, or separated into parts, was 
made by Sir Isaac Newton. 

If a ray, proceeding from the sun, bo admitted into a 
darkened chamber, through an aperture in the window shut- ^ 
liMb.and allowed to pass through a triangular shaped piece 
o^Iass. called a prism, the light will be decomposed, and- 
inrtead of a spot of white light, there will be seen, on the 
opposite wall, a most brilliant display of colours, including 
all those which are seen in the rainbow. 

Pig. 187. 




Suppose 5, &g. 187, to be a ray from the sun, admitted 
through the window shutter a, in such a direction as to fall 
on the floor at c, where it would form a round, white spot 
Now, on interposing the prism ^, the ray will be refracted, 
and at the same time decomposed, and will form on the 
screen m, n, an oblong figure, containing seven colours, 
which will be situated in respect to each other, as named in 
the figure. 

It may be observed, that of all the colours, the red is least 
refracted, or is thrown the smallest distance from the direc- 
tion of the original sun beam, and that the violet is most re- 
fracted, or bent out of that direction. 

The oblong image containing the coloured rays, is called 
tne solar or prismatic spectrum. 

729. That the rays of the sun are composed of the seven 

Who made the disoovery, that light is a compound substance 1 In 
what manner, and by what means, is Ught decomposed? What are 
the prismatic colours, and how do they succeed each other in the spee- 
rum 1 Which colour is refracted most, and which least 1 
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colours above named, is sufficiently eyideot by the fact, that 
such a ray is divided into these several colours by passing 
through tne prism, but in addition to this -proof, it is found 
by experiment, that if these several colours be blended or 
mixed together, white will be the result. 

This may be done by mixing together seven powders, 
whose colours represent the prismatic colours, and whose 
quantities are to each other, as the spaces occupied by each 
colour in the spectrum. When this is done, it will be found 
that the resulting colour will be a grayish white. A still 
more satisfactory proof that these seven colours form white, 
when united, is obtained by causing the solar spectrum to 
pass through a lens, by which they are brought to a focusfc 
when it is found that the focus will be the same colour as i< 
would be from the original rays of the sun. 

730. From the oblong shape of the solar spectrum, we 
learn that each of the coloured rays is refracted in a differ- 
ent degree by passing through the same medium, and con- 
sequently that each ray has a refractive . power of its oun. 
Thus, from the red to the violet, each ray, in succession, is 
refracted more than the other. 

731. The prism is not the only instrument by which 
light can be decomposed. A soap bubble blown up in the 
sun will display most of the prismatic colours. This is ac- 
counted for by supposing that the sides of the bubble vary in 
thickness, and that the rays of light are decomposed by these 
variations. The unequal surface of mother of pearl, and 
many other shells, send forth coloured rays on the same 
principle. 

732. Two surfaces of polished glass, when pressed to- 
gether, will also decompose the light. Rings of coloured 
light will be observed around the point of contact between 
the two surfaces, and their number may be increased ct di- 
minished by the degrees of pressure. Two pieces of com- 
mon looking glass, pressed together with the fingers, will 
display most of the prismatic colours. 

733. A variety of substances, when thrown into the form 
of the triangular prism, will decompose- the rays of light, 

When the seyeral prismatic colours are l)lended, what colour is the 
result 1 When the solar spectrum is made to pass through a lens, what 
is the colour of the focus 7 How do we learn that each eokrared ray 
has a refractive power of its ownl By what other means besides th« 
prism, can the rays of light be decomposed 1 How may light be de- 
composed by two pieces of glass 1 Of what substances may prisms U 
formed^ besides glass % 
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as well as a prism of glass. A very common 'xistniment 
for this purpose is made by putting together three pieces of 
plate glass, in form of a prism. The ends may oe made 
of wood, and the edges cemented with putty, so as to make 
the whole water tight. When this is filled with water, and 
held before a sun beam, the solar spectrum will be formed, 
displaying the same colours, and in the same order, as that 
above described. 

734. In making experiments with prisms, filled with dif- 
ferent kinds of liquids, it has been found that one liquid will 
make the spectrum longer than another; that is^ the red and 
violet rays, which form the extremes of the spectrum, will 
be thrown farther apart b}' one fluid, than by another. For 
example, if the prism be filled with oil of cassia, the spec- 
trum formed by it, will be more than twice as long as rhat 
formed by a prism of solid glass. The oil of cassia is there- 
fore said to disperse the rays of light more than glass, and 
hence to have a greater dispersive poire r. 

735. The Rainbow. — The rainbow was a phenomenon, 
for which the ancients were entirely unable to account; but 
after the discovery that light is a compound principle, and 
that its colours may be separated by various substances, 

. the solution of this phenomenon became easy. 

Sir Isaac Ne\\'ton, after his great discovery of the com- 
pound nature of light, and the different refrangibility of the 
coloured rays, was able to explain the rainbow on optical 
principles. 

736. If a glass globe be suspended in a room, where the 
rays of the sun can fall upon it, the light will be decom- 
posed, or separated into several coloured rays, in the same 
manner as is done by the prism. A well defined spectrum 
will not, however, be formed by the globe, because its shape 
is such as to disperse some of the rays, and converge others; 
but the eye, by taking diflcrent positions in respect to the 
globe, will observe the various prismatic colours. Trans- 
parent bodies, such as glass and water, reflect the rays of 
light from both their surfaces, but chiefly from the second 
surface. That is, if a plate of naked fi^iass be placed so as 
to reflect the image of the sun, or of a lamp, to the eye, the 

What is said of some liquids making the spectrum larger than oth- 
ers ? What is said of oil of cassia^ in this respect 1 What discovery 
preceded the explanation of the rainbow 1 Who first explained the 
rainbow on optical principles 1 Why does not a glass globe form a 
well defined spectrum 1 From which sui&ce do trantpareui bodies 
chiefly reflect the light 1 

19* 
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moflt distinct image will come from the second sar&ee, oi 
that most distant from the eye. The great hrilliancy of the 
diamond is owing to this cause. It will be understood di- 
rectly, how this principle applies to the explanation of the 
rainbow. 

Suppose the circle a b c, ^g. 188, to represent a globe, or 
a drop of rain, for each drop of rain, as it falls through the 
air, is a small Fig. 188. 

globe of water. 
Suppose, also, 
that the sun is 
at 5, and the eye 
of the spectator 
at «. Now, it 
has already 
been stated, that 
from a single 
globe, the 

whole solar 
spectrum is not 

seen in the same position, but that the diflerent colours are 
seen from different places. Suppose, then, that a ray of 
light from the sun s, on entering the globe at a, is separated 
into its primary colours, and at the same time the red ray. 
which is the least refrangible, is refracted in the line from 
a to b. From the second, or inner surface of the globe, it 
would be reflected to c, the angle of reflection being equal 
to that of incidence. On passing out of the globe, its re- 
fraction at c, would be just" equal to the refraction of the in- 
cident ray at a, and therefore the red ray would fall on the . 
eye a* e. All the other coloured rays would follow the 
sam' law. but because the angles of incidence and those of 
refection are equal, and because the colored rays are separa- 
ted from each other by unequal refraction, it is obvious, that 
if the red ray entered the eye at ^, none of the other coloured 
rays could be seen from the same point. 

737. From this it is evident, that if the eye of th.e spec- 
tator is moved to another position, he will not see the red ray 
coming from the same drop of rain, but only the blue, ana 
if to another position, the green, and so of all the others. 

Explain fig. 188, and show the different refractions, and the reflectioD 
concerned in forming the rainbow. In the case, supposed, why will 
only the red ray meet the eye? Suppose a person looking at a rain- 
bow moves his eye, will he see the same colours flpom the same drop 
of rain 1 
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Fig. 189 



But m a shower. of rain, there are drops at all heights and 
distances, and though they perpetually change their places, 
111 respect to the sun and the eye, as they fall, still there will 
be many which will be in such a position as to reflect the 
red rays to the eye, and as many more to reflect the yellow 
rays, and so of all the other colours. 

This will be 
made obvious by 
fig. 189, where, 
to avoid confu- 
sion, we will sup- 
pose that only 
three drops of 
rain, and, con- 
sequently, only 
three colours, are 
to be seen. 

The numbers 
1, 2, 3, are the 
rays of the sun, 

Sroceeding to the 
rops a, b, c, and 
from which these 
rays are reflect- 
ed to the eye, ma- 
king different angles with the horizontal line h, b'canso ouct 
coloured ray is refracted more than another. Now, siippo.«« 
the red ray only reaches the eye from the drop «, the iffeii 
from the drop b, and the violet from the drop r, th«-n tho 
spectator would see a minute rainbow of three colours But 
during a shower of rain, all the drops which are in the po- 
sition of a, in respect to the eye, would send forth re«l ray?, 
and no other, while those in the position of b, would emit 
green rays, and no other, and those in the position of r, vio- 
let rays, and so of all the other prismatic colours. Each 
circle of colours, of which the rainbow is formed, ia there- 
fore composed of reflections from a vast number of dffJer- 
ent drops of rain, and the ];eason why these colours are dj.«- 
tinct to our senses, is, that we see only one colour from a 
single drop, with the eye in the same position. It follows, 
then, that if we change our position, while looking at a 

Explain fig. 189, and show why we see different colours from differ- 
ent drops of run. Do several persons see the same rainbow at the 
•ame timet 
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rainbow, we still see a bow, but not the same as before, and 
hence, if there are many spectators, they will all see a di&r* 
pnt rainbow, though it appears to be the same. 

738. There are often seen two rainbows, the one formed 
as above described, and the other, which is fainter, appear- 
ing on the outside, or above this. The secondary bow, as 
this last is called, always has its order of colours the reverse 
of the primary one. Thus, the colours of the primary bow, 
beginning with its upper, or outermost portion, are red, 
orange, yellow, &c., the lowest, or innermost portion, being 
violet ; while the secondary bow, beginning with the same 
corresponding part, is coloured violet, indigo, &c., the low- 
est, or innermost circle, being red. 

739. In the primary bow, we have seen, that the coloured 
rays arrive at the eye after two refractions, and one reflec- 
tion. In the secondary bow, the rays reach the eye after 
two refractions, and two reflections, and the order of the 
colours is reversed, because, in this case, the rays of light 
enter the lower part of the drop, instead of the upper part, 
as in the primary bow. The reason why the colours are 
fainter in the secondary than in the primary bow is, becaose 
a part of the light is lost or dispersed, at each reflection, 
and there being two reflections, by which this bow is form- 
ed, instead of one, as in the primary, the diflference in bril- 
liancy is very obvious. 

740. The direction of a single ray, showing how the 
secondary bow is formed, will be seen at ^g. 190. The rat 



r, from the 
sun, enters 
the drop of 
water at a, 
and is re- 
fracted to 

c, thep re- 
flected to b, 
then agam 
reflected to 

d, where it 
suffers 
other 



Fig. 190. 



an- 




re- 



fraction, and lastly, passes to the eye of the spectator at e. 



Explain the reason of this. How are the colours of the primarr 
and secondary bows arranged in respect to each other 1 How many 
refractions and reflections produce the secondary bow 1 Why is tbs 
secondary bow less brilliant than the primary ? 



I 






COLOURS. 225 

The Tainbow, being the consequence of the refracted and 
reflected rays of the sun, is never seen, except when the 
sun and the spectator are in similar directions, in respect to 
the shower. It assumes the form of a semicircle, because 
it is only at certain angles that the refracted rays are visible 
to the eye. 

741. Of the colours of things. The light of the sun, we 
have seen, may be separated into seven primary rays, each 
of which has a colour of its own, and which is diflerent 
from that of the others. In the objects which surround us, 
both natural and artificial, we observe a great variety of 
colours, which diflfer from those composing the solar 
spectrum, and hence one might be led to believe that both 
nature and art aflbrd colours different from those afforded 
by the decomposition of the solar rays. But it must be 
remembered, that the solar spectrum contains only the 
primary colours of nature, and that by mixing these colours 
in various proportions with each other, an indefinite variety 
of tints, all differing from their primaries, may be obtainea. 

742. It appears that the colours of all bodies depend on 
some peculiar property of their surfaces, in consequence of 
which, they absorb some of the coloured rays, and reflect the 
others. Had the surfaces of all bodies the property of re- 
flecting the same ray only, all nature would display the 
monotony of a single colour, and our senses would never 
have known the charms of that variety which we now 
behold. 

743. All bodies appear of the colour of that ray, or of a 
tint depending on the several rays which it reflects, while 
all the other rays are absorbed, or, in other terms, are not 
reflected. Black and white, therefore, in a philosophical 
sense, cannot be considered as colours, since the first arises 
from the absorption of all the rays, and the reflection of 
none, and the last is produced by the reflection of all the 
rays, and the absorption of none. But in all colours, or 
ihades of colour, the rays only are reflected, of which the 
colour is composed. Thus, the colour of grass, and the leaves 
of plants, is green, because the surfaces of these substances 
reflect only the green rays, and absorb all the others. For 

Why are the colours of things different from those of the solar «peo- 
tmm 1 On what do the colours of bodies depend 1 Suppose all boaies 
raflected the some ray, what would be the conseQuence,'in regard to 
colour 1 Why are not black, and white, considered aa colours f Why 
w the colour of grass green 1 
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he same reason, the rose is red, the violet blue, and so of a5l 
coloured substances, every one throwing out the ray of its 
own colour, and absorbing all the others. 

744. To account for such a variety of colours as we srte in 
different bodies, it is supposed that all substances, when made 
sufficiently thin, are transparent, and consequently, that 
they transmit through their surfaces, or absorb, certam rays 
of light, while other rays are thrown back, or reflected, as 
above described. GU)ld, for example, may be beat so thin as 
to transmit some of the rays of light, and the same is true of 
several of the other metals, whicn are capable of being ham- 
mered into thin leaves. It is therefore most probable, that 
all the metals, could they be made sufficiently thin, would 
permit the rays of light to pass through them. Most, if not 
quite all mineral substances, though in the mass they may 
seem quite opaque, admit the light through their edges, when 
broken, and almost every kind of wood, when made no thinner 
than writing paper, becomes translucent Thus we may safe- 
ly conclude, that every substance with which we are ac- 
quainted, will admit the rays of light, when made sufficiently 
thin. 

745. Transparent colourless substances, whether solid or 
fluid, such as glass, water, or mica, reflect and transmit light 
of the same colour ; that is, the light seen through these 
bodies, and reflected from their surfaces, is white, This is 
true of all transparent suJbstances under ordinary circum- 
stances ; but if their thickness be diminished to a certain 
extent, these substances will both reflect and transmit 
coloured light of various hues, according to their thickness. 
Thus, the thin plates of ntica, which are left on the fingerti 
after handling that substance, will reflect prismatic rays <rf 
various colours. 

746. There is a degree of tenuity, at which transparent 
substances cease to reflect any of the coloured rays, hot 
absorb, or transmit them all, in which case they become 
black. This may be proved by various experiments. If t 
soap bubble be closely observed, it will be seen that at fini 
the thickness is sufficient to reflect the prismatic rays from 



How is the variety of colours accounted for, by considering d 
bodies transparent ? What is said of the reflection of'^coloured Uffhtbf 
transparent substances 1 What substance is mentioned, as illustratint 
this fact 7 When is it said that transparent substances become blackl 
How is it proved that fluids of extreme tenuity absorb all the rays tad 
reflect none 1 
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nil Its parts, but as it grows thinacr, and just before it 
bursts, there may be seen a spot on its top, which turns 
hlack, thus transmitting ail the rays at that part, and rc- 
iJccting none. The same phenomenon is exhibited, when 
u film of air, or water, is pressed between two plates of 
glass. At the point of contact, or where the two plates 

Cress each other with the greatest force, there will be a 
]ack spot, while around this there may be seen a system 
of coloured rings. 

From such experiments, Sir Isaac Newton concluded, 
that air, when below the thickness of half a millionth of 
an inch, ceases to reflect light ; and also that water, wh«-n 
below the thickness oi three eighths of a mUlionth of an 
incht ceases to reflect light. But that both air and water, 
when their thickness is in a certain degree above thebo 
limits, reflect all the coloured rays of the spectrum. 

747. Now all solid bodies are more or Irss porous, having 
among their particles either void spaces, or spaces filled 
with some foreign matter, differing in density from the body 
itself, such as air or water. Even gold is not perfectly ciun- 
pact, since water can be forced through its pores, ft is 
most probable, then, that the parts of the same body, differ- 
ing in density, either reflect, or transmit the rays of liirht, 
according to the size or arrangement of their particles ; 
and in proof of this, it is found that some bodies transmit 
the rays of one colour, and reflect that of another. Thus, 
the colour which passes through a leaf of gold is green, 
while that which it reflects is yellow. 

748. From a great variety of experiments on this sub- 
ject. Sir Isaac Newton concludes that the transparent parts 
of bodies, according to the sizes of their transparent pores, 
reflect rays of one colour, and transmit those of another, 
for the same reason that thin plates, or minute particles of 
air, water, and some other substances, reflect certain rays, 
and absorb, or transmit others, and that this is the cause of 
all their colours. 

749. In confirmation of the truth of this theory, it may 
be observed, that many substances, otherwise opaque, become 
transparent, by filling their pores with some transfKirent 
fluid. 



What is the conduBion of Sir Isaac Kewton, conceminjg ths tenuity 
at which water and air ceases to reflect light 1 What is said of the 
porous nature of the solid bodies') 
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Thus, the atone called Hydrophane^ is perfectly opaque 
when dry, but becomes transparent when dipped in water ; 
and common writing paper becomes translucent, after it has 
absorbed a quantity of oil. The transparency, in these cases, 
may be accounted for, by the different refractive powers 
which the water and oil possess, from the stone or paper, and 
in consequence of which the light is enabled to pass among 
their particles by refraction. 
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750. Astronomy is that science which treats of the mo 
tions and appearances of the heavenly bodies ; accounts for 
the phenomena which these bodies exhibit to us ; and explaun 
the laws by which their motions, or apparent motions, are 
regulated. 

Astronomy is divided into Descriptive, Physical^ and 
Practical. 

Descriptive astronomy demonstrates the magnitudes, dis- 
tances, and densities of the heavenly bodies, and explains the 
phenomena dependant on their motions, such els the change 
of seasons, and the vicissitudes of day and night. 

Physical astronomy explains the theory of planetaiy 
motion, and the laws by which this motion is regulated and 
sustained. 

Practical astronomy details the description and use ot as 
tronomical instruments, and develops the nature and appli- 
cation of astronomical calculations. 

The heavenly bodies are divided into three distinct classes^ 
or systems, namely, the solar system, consisting of the sun, 
moon, and planets, the system of the fixed stars, and the 
system of the comets. 

The Solar System. 

751. The Solar System consists of the sun, and twen^ 
nine other bodies, which revolve around him at various d» 
tances, and in various periods of time. 

The bodies which revolve around the sun as a centre, til 



What is astronomy 1 How is astronomy divided 1 What does d» 
criptive astronomv teach? What is the obiect of physical astronomyl 
What is practical astronomy 1 How are the heavenly bodies dividfldi 
Of what does the solar system consist? What are the bodies calML 
which revolve around the sun as a centre 1 
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called prtM€^ planets. Thus, the Earth, Venus, and Mars, 
are primary planets. Those which revolve around the pri- 
mary planets, are called secondary planets, moons, or satel- 
lites. Our moon is a secondary planet or satellite. 

The primary planets revolve around the sun in the fol- 
lowing order, and complete their revolutions in the follow- 
ing times, computed in our days and years. Beginning 
with that nearest to the sun, Mercury performs his revolu- 
tion in 87 days and 23 hours ; Venus, in 224 days, 17 hours ; 
the Earth, attended by the moon, in 365 days, 6 hours ; 
Mars, in one year, 322 days ; Ceres, in 4 years, 7 months, 
and 10 days; Pallas, in 4 years, 7 months, and 10 days; 
Juno, in 4 years and 128 days ; Vesta, in 3 years, 66 days, 
and 4 hours; Jupiter, in 1 i years, 315 days, and 15 hours; 
Saturn, in 29 years, 161 days, and 19 hours ; Herschel, in 
83 years, 342 days, and 4 hours. 

752. A year consists of the time which it takes a planet 
to perform one complete revolution through its orbit, or to 
pass ODce around the sun. Our earth performs this revolu- 
tion in 365 days, and therefore this is the period of our year. 
Mercury completes her revolution in 88 days, and therefore 
her year is no longer than 88 of our days. But the planet 
Herschel is situated at such a distance from the sun, that hie 
revolution is not completed in less than about 84 of our 
years. The other planets complete their revolutions in va- 
Hous periods of time, between these ; so that the time of 
these periods is generally in proportion to the distance of 
«ach planet from the sun. 

Ceres, Pallas, Juno, and Vesta, are the smallest of all the 
planets, and are called Asteroids. . 

Besides the above enumerated primary planetf ^ar sys-, 
tern contains eighteen secondary planets, or mc jns. Of 
these, our Earth has one moon, Jupiter four, Saturn seven, 
and Herschel six. None of these moons, except our own, 
and one or two of Saturn's, can be seen without a telescope. 
The seven other planets, so far as has been discovered, are 
entirely without moons. 

753. All the planets inove around the sun from west to 

What arc those called, which revolve around these primaries as a 
centre 1 In what order are the several planets situated, in respect to the 
Mun 1 How long does it take each planet to make its revolution around 
the son ? What is a year 1 What planets are called asteroids 1 How 
many moons does our system contain 1 Which of the planets are a^ 
tended by moons, and how many has each 1 In what direction do the 
planets move around the sun 1 

20 
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east, and in the same direction do the moons reTolve aioand 
their primaries, with the exception of those of Herschel, 
which appear to revolve in a contrary direction. 

754. The paths in which the planets move round the sun, 
and in which the moons move round their primaries, are 
called their orbits. These orhits are not exactly circular, as 
they are commonly represented on paper, but are elliptical, 
or oval, so that all the planets are nearer the sun, when m 
one part of their orbits, than when in another. 

In addition to their annual revolutions, some of the plan* 
ets are known to have diurnal, or daily revolutions, like ooi 
earth. The periods of these daily revolutions have been 
ascertained, in several of the planets, by spots on their 8U^ 
faces. But where no such marlw is discernible, it cannot be 
ascertained whether the planet has a daily revolution or not, 
though this has been found to be the case in every instance 
where spots are seen, and, therefore, there is little doubt but 
all have a daily, as well as a yearly motion. 

755. The axis of a planet is an imaginary line passing 
through its centre, and about which its diurnal revolution is 
performed. The poles of the planets are the extremities ot 
this axis. 

756. The orbits of Mercury and Venus are within thai 
of the earth, and consequently they are called inferior ^hsi- 
els. The orbits of all the other planets are without, or ex- 
terior to that of the earth, and these are called stiperio* 
planets. 

That the orbits of Mercury and Venus are within thai 
of the earth, is evident from tne circumstance, that they are 
never seen in opposition to the sun, that is, they never ap 
j)eai in the west, when the sun is in the east. On the con- 
trary, the orbits of all the other planets are proved to be out- 
side of the earth's, since these planets are sometimes seen 
in opposition to the sun. 

This will be understood by fig. 191, where suppose sto 
be the sun, m the orbit of Mercury or Venus, e the orbit of 
the earth, and j that of Jupiter. Now, it is evident, that if 



What is the orbit of a planet 1 What revolutions have the planets, 
besides their yearly revolutions ? Have all the planets diurnal revo- 
lutions 7 How is It known that the planets have daily revolationsi 
What is the axis of a planet 1 What is the pole of a planet 1 Wbiek 
are the superior, and which the inferior planets 1 How is it proved 
that the inferior planets are within the eaith's orbit, and the 'superiof 
ones without it '^ 
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a spectator be placed any ^' 191- 

where in ihe earth'i or- 
bit, as at e, he may some- 
times see Jupiter in op- 
poaitioD to the sun, as at 
j, becaose then the spec- 
taior woold be between 
Tnpiter and the sun. But 
the orbit of Venus, being 
sniTonnded by that of (be 
earth, she never can come 
m opposition to the sun, 
ot in that part of the 
hearens opposite to him, 
as seen by us, because 
onr eaith never passes between her and the sun. 

757. It has already been stated, that the orbits of the 
planets are elliptical, and that, consequemly, these bodies 
are Sometimes nearer the sun than ai others. An ellipse, 
or oral, has two foci, and the sun, instead of being in the 
common centre, is always in the lower foci of their orbits. 

The orbit of a planet Fig. 199. 

is repr^ented by fig. ^. 

192, where a, d, b, e, is 
an ellipse, with its two 
foci, f and o, the sun be- 
ing in the focus s, which 
is called the lower focus. ' 

When the earth, or 
any other planet, revolv- 
ing around the sun, is in 
that part of its orbit near- 
est the sun. as at a, il is said to be in its per helion ; and when 
in that part which is at the greatest distance from the sun, 
as at b, it is. said to be in its wphelion. The line s, d, is the 
mean, or average distance of a planet's orbit from the sun. 

758. Ecliptic. — The planes of the orbits of all the 
planets pass through the centre of the sun. The plane of 
an orbit is an imaginary surface, passing from one extremity, 
or side of the orbit, to the other. If the rim of a drum 




Explain fig. 191, anil show why the inferior planelB never can be in 

itioD to the sun. What ate the shapei of Ihe plaoetBry orbita I 

' I meant by perihelion 1 What ia the plane of an QihvL^ 
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•lead be considered the orbit, ks plane woold be the parch 
lent extended across it, on which the drum u beaten. 

Let us suppose the earth's orbit to be such a plane, cat- 
ting the sun through his centre, and extending out on every 
side to the starry heavens ; the great circle so made, wouki 
mark the line of the ecliptic^ or the sun's apparent path 
through the heavens. 

This circle is called the sun's apparent path, because the 
revolution of the earth gives the sun the appearance of pass- 
ing through it. It is called the ecliptic, because eclipses 
happen when the moon is in, or n^r, this apparent path. 

759. Zodiac. — The Zodiac is* an imagmary belt, or 
broad circle, extending quite around the heavens. The 
ecliptic divides the zodiac into two equal parts, the zodiac ex- 
tending 8 degrees on each side of the ecliptic, and therefore 
is 16 degrees wide. The zodiac is divided into 12 equal 
parts, called the signs of the zodiac. 

760. The sun appears every year to pass around the greif 
circle of the ecliptic, and conse(juently, through the 12 coii- 
stcllations, or signs of the zodiac. But it will be seen, Ip 
another place, that the sun, in respect to the earth, staodr 
still, and that his apparent yearly course through the hear 
ens is caused by the annual revolution of the earth aroimd 
its orbit. Pig. 193. 

To understand the cause of this 
deception, let us suppose that s, fig. 
193, is the sun, a b, a. part of the 
circle of the ecliptic, and c d, a 
part of the earth's orbit. Now, if 
a spectator be placed at c, he will 
see the sun in that part of the eclip- 
tic marked by 3, but when the earth 
moves in her annual revolution to 
d, the spectator will see the sun in 
that part of the heavens marked 
by a; so that the motion of the 
earth in one direction, will give the 
sun an apparent motion in the con- 
trary direction. 




Explain what is meant by the ecliptic. Why is the ecliptic calbi 
the sun's apparent path ? What is the zodiac 1 How docs the ecliplic 
divide the zodiaci How far does the zodiac extend on each sideora 
ecliptic 1 Explain fig. 193, and show why the sun seems to pass throa|^ 
the ecliptic, when tVie eartVi otAy TCvoVve^ tsirouxid the sun* 
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761. A sign, oi constellation, is a collection of ^xed stars, 
and, as we have already seen, the sun appears to niove 
through the twelve signs of the zodiac every yi'iir Now, 

he sun's place in the heavens, or zodiac, is found by his ap- 
parent conjunction, or nearness to any particular star in the 
constellation. Suppose a spectator at c, observes the sun to 
be nearly in a line with the star at b, then the sun wi>u!d 
hs near a particular star in a certain constellation. Wh» n 
the earth moves to d, the sun's place would assume anoth* r 
direction, and he would seem to have moved into anotht-r 
constellation, and near tht star a. 

762. Each of the 12 signs of the zodi:ic is divided into 
30 smaller parts, called degrees; each degree into OU cqu:il 
parts, called minutes, and each minute into 00 parts, called 
seconds. 

The division of the zodiac into signs, is of vrry ancient 
date, each sign having also received the name of some ani- 
mal, or thing, which the constellation, forming that sii:n 
was supposed to resemble. It is hardly neces^Jary to s:iy, 
that this is chiefly the result of imagination, tince the li^;- 
ures made by the places of the stars, never mark the out- 
lines of the figures of animals, or other things. This is, 
howevef, found to be the most convenient method of finding 
any particular star at this day, for among astronomers, any 
star, in each constellation, may be designatea by describing 
the part of the animal in which it is situated. Tiius, by 
knowing how many stars belong to the constellation I/eo, 
or the Lion, we readily know what star is meant by that 
which is situated on the Lion's ear or tail. 

763. The names of the 12 signs of the zodiac are, Aries, 
Taurus, Gemini, Cancer, Leo, Virgo, Libra, Scorpio, Sa- 
gittarius, Capricorn, Aquarius, and Pisces. The common 
nannes, or meaning of these words, in the same order, are, 
the Ram, the Bull, the Twins, the Crah, the Lion, the Vir- 
gin, the Scales, the Scorpion, the Archer, the Goat, the 
Waterer, and the Fishes. 



What is a constellation, or si^n ? How ia the sun's apparent plnr« 
in the heavens found 1 Into how many parts are the sij^s of the zi>- 
diac divided, and what are these parts called ? Is there any n sem- 
blance between the places of the stars, and the fi«;iires of the aniinnis 
after which they are called 1 Explain why this is a convenient n.cth'x) 
of finding any particular f^txir in a sign 1 What arc the nam*.B of I'uc 
twelve signs 1 
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The twelve signs of the zodiac, tog^er with the son, 
and the earth revolving around him, are tepresentsd at fig 

Fig. 194. 




194. When the earth is at A, the sun will appear to be juat 
entering the sign Aries, because then, when seen firom the 
earth, he ranges towards certain stars at the beginning of 
that constellation. When the earth is at C, the sun will 
appear in the opposite part of the heavens, and therefore in 
the beginning of Libra. The middle line, dividing the cir- 
cle of the zodiac into equal parts, is the line of the ecliptic 
764. Density of the Planets. — Astronomers have no 
means of ascertaining whether the planets are composed of 
the same kind of matter as our earth, or whether their sll^ 
faces are clothed with vegetables and forests, or not. They 
have, however, been able to ascertain the densities of se- 
veral of them, by observations on their mutual attractioa 

Explain why the sun will be in the beginning of Aries, when thi 
earth is at A. fig. 11)4. How has the density of the planets been a* 
ccitained i 
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By density, is meant compactness, or the quantity of matter 
in a given space. When two bodies are of equal buik, that 
which weighs most, has the greatest density. It wcs shown, 
while treating of the properties of bodieSt that substani*(*8 
attract each other in proportion to the quantities of matter 
they contain. If, therefore, we know the dimensions of 
several bodies, and can ascertain the proportion in which 
they attract each other, their quantities of matter, or densi- 
ties, are easily found. 

765. Thus, when the planets pass each other in their 
circuits through the heavens, they arc oAen drawn a little 
out of the lines of their orbits by mutuni attraction. As 
bodies attract in proportion to their quantities of matter, it 
is obvious that the small planets, if of the same density, 
will suffer greater disturbance from this cause, than tHo 
large ones. But suppose two planets, of the same dimen- 
sions, pass each other, and it is found that one of them is 
attracted twice as far out of its orbit as the othei, then, by 
the known laws of gravity, it would be inferred, that one of 
them contained twice the quantity of matter that the other 
did, and therefore that the density of the one was twice that 
of the other. 

By calculations of this kind, it has been found, that the 
density of the sun is but a little greater than that of water, 
while Mercury is more than nine times as dense as water, 
having a specific gravity nearly equal to that of lead. The 
earth has a density about five times greater than that of the 
sun, and a little less than half that of Mercury. The densi- 
ties of the other planets scorn to diminish in proportion as 
iheir distances from the sun increase, the density of Saturn, 
one of the most remote of planets, being only about one 
third that of water. 

The Sun. 

766. The sun is the centre of the solar system, and the 
great dispenser of heat and light to all the planets. Around 
the sun all the planets revolve, as around a common centre, 
he being the largest body in our system, and, so far as we 
know, the largest in the universe. 

What is meant by density ? In what proportion do bodies attrari 
each other 1 How are the der-^itics of the planets asmiaincd 1 What 
is the density of the sun, of Mercury, and of the. cnrib ^ In whnt pro- 
portions do the densities of the planets appear to diminish 1 Where is 
the place of the sun, in the solar system 1 
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767. The distance of the sun from the earth is 95 mil- 
lions of miles, and his diameter is estimated at 880/)00 miles. 
Our globe, when compared with the magnitude of ihe sun, 
is a mere point, for' his bulk is about thirteen hundred 
thousand times greater than that of the earth. Were the 
sun's centre placed in the centre of the moon's orbit, his 
circumference would reach two hundred thousand miles 
beyond her orbit in every direction, thus filling the whole 
space between us and the moon, and extending nearly as far 
beyond her as she is from us. A traveller, who should go 
at the rate of 90 miles a day, would perform a journey of 
near] V 33,000 miles in a year, and yet it would take such a 
traveller more than 80 years to go round the circumference 
of the sun. A body of such mighty dimensions, hanging 
on nothing, it is certain, must have emanated from an Al- 
mighty power. 

768. The sun appears to move around the earth every 24 
hours, rising in the east, and setting in the west. This mo- 
tion, as will be proved in another place, is only apparent, 
and arises from the diurnal revolution of the earth. 

769. The sun, although he does not, like the planets, re- 
volve in an orbit, is, ho\\;ever, not without motion, having a 
revolution around his own axis, once in 25 days and 10 
hours. Both the fact that he has such a motion, and the 
time in which it is performed, have been ascertained by the 
spots on his surface. If a spot is seen, on a revolving body, 
in a certain direction, it is obvious, that when the same spot 
is again seen, in the same direction, that the body has made 
one revolution. By such spots the diurnal revolutions of 
the planets, as well as the sun, have been determined. 

770. Spots on the sun seero fir.st to have been observed in 
the year 1611, since which time they have constantly at 
traded attention, and have been the subject of investigation 
among astronomers. These spots change their appea^ 
ance as the sun revolves on his axis, and become greater or 
less, to an observer on the earth, as they are turned to, or 
from him ; they also change in respect to real -magnitude 
and number : one spot, seen by Dr. Herschel, was estimated 



What is the distance of the sun from the earth 1 What is the di- 
ameter of the sun 'i Su}^pose the centre of the sun and that of the 
moon's orbit to be coincident, how far would the sun extend beyond 
the moon's orbit 7 How is it proved that the sun has a motion around 
BIS own axis 1 How often does the sun revolve? When were spoti 
of the sun first observed 1 
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to be more ifian six times ihe size of our enrth, being 50,000 
miles ifl diameter. Sometimes forty or fifty spot? may bs 
sefiD at the same time, and sometimrs only one. They nre 
or:dn so large as to be seen with the naked eye ; this was ihc 
case in 1816. 

771. In respect to the nature and design of these spots, 
almost every astronomer has formed a differi-nt th'.'orv. 
Some hnve supposed them to be solid opaque maasi.-a i<( 
Bcoriffi, floating in the liquid fire of the snn ; others, as 
satellites, revolving round him, and bidinf^ his liifht from 
us; others, as immense masses, which have fiiUun on his 
disc, and which arc dark coloured, because they have not 
yet become sufflciently heated. In Itvo instances, these 
spots have been seen to burst into several pnrts, and the ports 
to fly in several directions, like a piece of ice thrown uiKin 
the ground. Others have supposed that thrsi^ dark spots 
were the body of the sun, which became visible in conse- 
quence of openings through the fiery matter, «-iih which h>! 
is surrounded. Dr. Hergchel, from mnny observations with 
his great telescope, concludes, that thp shining matter of the 
sun consists of a mass of phosphoric clouds, and that the 
spots on his surface are owing to disturbances it) the rrinitl- 
brium of this luminous matter, by which openin{;s are insde 
through it. There are, however, objections to this theory, 
as indeed there are to ail the others, and at present it c:in 
only be said, that no satis&ctory explanation of the cause of 
these spots has been given. 

772. That the aun, at the same time that he is the great 
source of heat and 'ight to all the solar worlds, may yi't be 
capable of supporting animal life, has been the favourite 
doctrine of several able astronomers. Dr. Wilson first sug- 
gested thai this might be the case, and Dr. Hi-rschel, with 
Eis telescope, made observations which confirmed him in 
(his opinion. The latter astronomer fluppo-,ed that the f'mc- 
tinns of the sua, as the dispenser of light and heat, might 
be performed by a luminous, or phosphoric atmosphere, sur- 
rounding- him at many hundred miles distance, while his 
solid nucleus might be fitted for the habitations of millions 
of reasonable beings. This doctrine is, however, rejei-ted 
by most writers on the subject at the present day. 

What has been the differenco in the number of ipoli obsfrvMi 1 
What vasthesiseof thespot seenbyDr. Hcnehe\1 IVhat hasl<m) 
advanced oncsming the natarc of thcie spou t Have tber been ac- 
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Mercury. 

773. Mercury, the planet nearest the sun, is dh(9bt 3000 
miles in diameter, and revolves around him, at the distance 
of 37 millions of miles. The period of his annual revolu- 
tion is 87 days, and he turns on his axis once in about 24 
hours. 

The nearness of this planet to the sun, and the short time 
his fully illuminated disc is turned towards the earth, has 
prevented astronomers from making many observations on 
him. 

No signs of an atmosphere have been observed in this 
planet. The sun's heat at Mercury is about seven times 
greater than it is on the earth, so that water, if nature fol- 
lows the same laws there that she does here, cannot exist at 
Mercury, except in the state of steam. 

The nearness of this planet to the sun, prevents his being 
often seen. He may, however, sometimes be observed just 
before the rising, and a little after the setting of the sun. 
When seen after sunset, he appears a brilliant, twinkling 
star, showing a white light, which, however, is much ob- 
scured by the glare of twilight. When seen in the morn- 
ing, before the rising of the sun, his light is also obscured 
by the sun's rays. 

Mercury sometimes crosses the disc of the sun, or comes 
between the earth and that luminary, so as to appear like a 
small dark spot passing over the sun's face. This is called 
the transit of Mercury. 

Venus. 

774. Venus is the other planet, whose orbit is within that 
of the earth. Her diameter is about 8600 miles, being 
somewhat larger than the earth. 

Her revolution around the sun is performed in 224 days, 
at the distance of 68 millions of miles from him. She turns 
on her axis once in 23 hours, so that her day is a little 
shorter than ours. 

775. Venns, as seen from the earth, is the most brilliant 
of all the primary planets, and is better known than any 

What is the diameter of Mercury, and what are his periods of 
annual and diurnal revolution 1 How great is the sun*s heat at Mer- 
cury 1 At what times is Mercury to be seen 1 What is a transit of 
Mercury 7 Where is the orbit of Venus, in respect to that of tba 
earth 1 What is the time of Venus' reyolution round the sun 1 EUiv 
often does she turn on her axis'^ 
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Dncturrml lumiaary except the moon. Whi'ii seen ttircii^h 
a leleacopc, she exhibits the phases or liorned appcnrnni:); 
of the moon, and her fiicu is somclimps va:iognle<J with (l;irk 
spots. Venus may often be seen in tbo (lay lime, i-ii n when 
she is in the vicinity of the blazing liu'h't of the ma. A 
.uniinous appearance around this phmit, svn n! ('irE'iiii 
times, proves that she has nn aimosphrrt'. S>>:iii- 'if Ii'T 
mountains are several times morn clevatiil than anv nn lur 
globe, btiing from 10 to 22 milfs liiu'h. V.niis so'!ii.:ir:irs 
makes a transit across the sun's dj.<c, in ihr' s^ittj'' niaimi r 
aa Mercury, already described. The transits of V. nn,-' m-- 
curonly at distant periods from each nlhcr. Tli-- l-i<! [riii^it 
was in I7U11, and the next will not Iiiinr-a imiil l-TI 
These transits have been observed b' u^riini>iii>'n' n-iili ili<' 
greatest, care and accuracy, since it is liy t>l<Mrrva'.ii)iii -jn 
ibem tliat the true distances of the ''artli an I )V>iir'is fruTii 
the sun are determined. 

77G. When Venus is in that part of h-r orliit whi.h ..'iv. ^ 
her the appearance of heinsr west of the sun, she ri.-i'- In-f .?■■ 
him, and is then calied ihi: miTHing star: and wh'ii ^ll■• 
appears east of the sun, she is bi-hinil liini in her e'lrir.-'-. :iii I 
is then called the cceiiinff star. Thesi- perio'b du n-i! ajr--!'. 
either with the vearlv r<'volution of tiie lartli. i.r !■! V.n-.- 
for she is ahernalejy 200 days ific m'trnin? 5l:ir. :.;.! ■-."> 
days the evening star. The reason f>f this i.* that ihi- r ar'.!i 
and Venus move roimd the sim in tlie same (lir< <-ii'iii, a:. 1 
hence her relative motion, in respect In the earth, is iiitn'h 
sloiver than her absolute motion in her orbit. If thi- •urili 
had no yearly motion, Venus would lie th'' morning >'.ar 
one half of the year, and the evenint; star thi' other half 

The Earth. 
777. The next planet in onr system, n-arest th.- snn. i« 
tho Earth. Her diameter is 7012 miles Thi^plm.ii. 
voives around him in 303 davs, fi hours, and 4^ imni'iI' s: 
and at the distance ofd-j millions of miles It turns rtuiwl 
its own axis once in 24 hours, makinrrn day and a niErhi. 
The Earth's revolution aroimd the sun i* i-ailid its itnnu'i', 
or yearly motion, because it is performed in a year ; tvhil<: 



What is snid of the lieisht of tlie mounlaini in Vcnusl Hi, vV.aX 
ftceount Bre thelransitanf V«nu»obsiTveii wiih grrat carel Wlti-ii i« 
Venoa the morning, nnd wVi>n Iha evening MHrl How lonj n Vin'w 
Ihe morning, and how losg the evening stn 1 How long doe* U tulw t\« 
eainh to reioive RHuid ihc aunl 
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the revolution around its own axis, is called the diurnal ot 
daily motion, because it takes place every day. The figure 
of the earth, with the phenomena connected with her motion, 
will be explained in another place. 

The Moon. 

778. The Moon, next to the sun, is, to us, the most bril- 
liant and interesting of all the celestial bodies. Being the 
nearest to us of any of the heavenly orbs, and apparently 
designed for our use, she has been observed with great at- 
lention, and many of the phenomena which she presents, 
are therefore better understood and explained, than those of 
the other planets. 

While the earth revolves round the sun in a year, it is 
attended by the Moon, which makes a revolution round the 
earth once in 27 days, 7 hours, and 43 minutes. The dis- 
tance of the Moon from the earth is 240,000 miles, and her 
diameter about 2000 miles. 

Her surface, when seen through a telescope, appears 
diversified with hills, mountains, valleys, rocks, and plains, 
presenting a most interesting and curious aspect : but the 
explanation of these phenomena are reserved for another 
section. 

Mars. 

779. The next planet m the solar system, is Mars, his 
orbit surrounding that of the earth. The diameter of this 
planet is upwards of 4000 miles, being about half that of 
the earth. The revolution of Mars around the sun is per- 
formed in nearly 687 days, or in somewhat less than two of 
our years, and he turns on his axis once in 24 hours and 40 
minutes. His mean distance from the sun is 144 millions 
of miles, so that he moves in his orbit at the rate of about 
55,000 miles in an hour. The days and nights, at this 
planet, and the different seasons of the year, bear a consider- 
able resemblance to those of the earth. The density ot 
Mars is less than that of the earth, being only three timei 
that of water. 



What is meant by the earth's annual revolution, and what by her 
diurnal revolution 1 Why are the phenomena of the moon better ex- 
plained than those of the other planets 1 In wLut time is a revolution 
of the moon about the earth performed 1 What is the distance of the 
moon from the earth 1 What is the diameter of Mars % How much 
longer is a year at Mars than out i^»x 1 What is his rate of moCioQ 
in bia orbit 7 
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Mars reflects a doll red light, by which he may be dis 
dnguished from the other planets. His appearance through 
the telescope is remarkable for the great number and variety 
of spots wnich his sur&ce presents. 

Mars has an atmosphere of great density and extent, as 
s proved by the dim appearance of the fixed stars, when 
seen through it. When any of the stars are seen nearly in 
a line with this planet, they give a faint, obscure light, and 
the nearer they approach the line of his disc, the fainter is 
their light, until the star is entirely obscured from the sight. 

This planet sometimes appears much larger to us than at 
others, and this is readily accounted for by his greater or 
less distance. At his nearest approach to the earth, hii 
distance is only 50 millions of miles, while his greatest dis 
tance is 240 millions of miles ; making a difference in his 
distance of 190 millions of miles, or the diameter of the 
earth's orbit. 

The sun's heat at this planet is less than half that which 
we enjoy. 

To the inhabitants of Mars, our planet appears alternately 
as the morning and evening star, as Venus does to us. 

Vesta, Juno, Pallas, and Ceres 

780. These planets were unknown until recently, and 
are therefore sometimes called the new planets. It has been 
mentioned, that they are also called Asteroids. 

78 1. The orbit of Vesta is next in the solar system to that 
of Mars. This planet was discovered by Dr. Olbers, of 
Bremen, in 1807. The light of Vesta is of a pure white, 
and in a clear night she may be seen with the naked eye, 
appearing about the size of a star of the 5th or 6th magni- 
tude. Her revolution round the sun is performed in 3 years 
and 66 days, at the distance of 223 millions of miles from 
him. 

782. Juno was discovered by Mr. Harding, of Bremen, 
in 1804. Her mean distance from the sun is 253 millions 
of milea Her orbit is more elliptical than that of any other 
planet, and, in consequence, she is sometimes 127 millions 
of miles nearer the sun than at others. This planet com- 

What is his appearance through the telescope 1 How is it proved 
that Mars has an atmosphere of great density 1 Why does Mars 
sometimes appear to us larger than at others 1 How great is the sun*s 
heat at Mars? Which are the new planets, or asteroids 1 When was 
Vesta discovered 1 What is theperiod of Vesta's annual revolution 1 
When was Juno discovered 1 What js her distance from Xanr «xxtwV 

21 
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pletes its annual revelation in 4 years and about 4 months, 
and revolves round its axis in 27 hours. Its diameter is 
1400 miles. 

783. Pallas was also discovered by Dr. Olbers, in 1802. 
Its distance from the sun is 226 millions of miles, and its 
periodic revolution round him, is performed in 4 years and 
7 months. 

784. Ceres was discovered in 1801, by Piazzi, of Paler- 
mo. This planet performs her revolution in the same time 
as Pallas, bein^ 4 years and 7 months. Her distance from 
the sun 260 millions of miles. According to Dr. Herschel, 
this planet is only about 160 miles in diameter. 

Jupiter. 

785. Jupiter is 89,000 miles in diameter, and performs 
his annual revolution once in about 11 years, at the distance 
of 490 millions of miles from the sun. This is the largest 
planet in the solar system, being about 1400 times larger 
than the earth. His diurnal revolution is performed in 
nine hours and fiH^-iive minutes, giving his sur&ce, at the 
equator, a motion of 28,000 miles per hour. This motipn 
is about twenty times more rapid than that of our earth at 
the equator. 

786. Jupiter, next to Venus, is the most brilliont of the 
planets, though the light and heat of the sun on him is near- 
ly 25 times less than on the earth. 

This planet is distinguished from all the others, by an ap- 
pearance resembling Imnds, which extend across his disc 

Fig. 175. 




What IS the penod of her revolution, and what her diameter 1 
What IS said of Pallas and Ceres 1 What is the diameter of Jupiter 1 
What is his distance from the sun 7 What is the period of Jupiter's 
diurnal revolution 1 What is the sun's heat and light at Jupiter, when 
compared with that of the earth 1 For what is Jnpitcr particular! vdi»- 
timriiiahcd ? 
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Then are termed belts, and are variable, both in reaped ta 
number and appearaace. Sometimes aevea or eight are seen, 
several of which extend quite across his face, while others 
appear brokca, or inter riipled. 

These bands, or belts, when the planet is observed through 
a telescope, appear as represented ia fig. 195. This ap- 
pearance is much the most common, the belts running quite 
across the lace of the planet in parallel lines. Sometimes, 
however, his aspect is quite different from this, for in 1780, 
Dr. Herschei saw the whole disc of Jupiter covered with 
small curved lines, each of which appeared broken, or in- 
terrupted, the whole having a paraUel diiectioa scroa hii 
(Use, as in fig. 196. 

Fie.lW. 




Different opinions hare been advanced by astronomers re- 
specting the cause of these appearances. By some they have 
been re^rded as clouds, or aa openings in the atmosphere 
of the planet, while others imagine that they are the marks 
of great natural changes, or revolutions, which are perpet- 
ually agitating; the surface of that planet. It is, however,' 
niost probable, that these appearances are produced by the 
agency of some cause, of which we, on this little earth, 
must always be entirely ignorant. 

787, Jupiter has four satellites, or moons, two of which 
are sometimes seen with the naked eye. They move round, 
and attend him tn his yearly revolution, as the moon does 
nor earth. They complete their revolutions at different pe- 
riods, the shortest of which is less than two days, and the 
longest seventeen days. 

Ia the Bpnearnnce of Jupiter'a belli HiTnya the lame, or do they 
changel What ia said of the cause of Jupiler'i belted appearano«1 
Bow maay moon« has Japiter,-and what aretbepenoilsof tbeir is*- 
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These satellites often fall into the shadow of their pri- 
mary, in consequence of which they are eclipsed, as seen 
from the earth. The eclipses of Jupiter's moons have been 
observed with great care by astronomers, because they have 
been the means of determining the exact longitude of places, 
and the velocity with which light moves through space. 
How longitude is determined by these eclipses, cannot be 
explained or understood at this place, but the method by 
which they become the means of ascertaining the velocity 
of light, may be readily comprehended. An eclipse of one 
of these satellites appears, by calculation, to take place six- 
teen minutes sooner, when tne earth is in that part of hex 
orbit nearest to Jupiter, than it does when the earth is in 
that part of her orbit at the greatest distance from him. 
Hence, light is found to be sixteen minutes in crossing the 
earth*8 orbit, and as the sun is in the centre of this oibit, oi 
nearly so, it must take about 8 minutes for the light to come 
from him to us. Light, therefore, passes at the velocity of 
95 millions of miles, our distance from the sun, in about 8 
minutes, which is nearly 200 thousand miles in a second. 

Saturn. 

788. The planet Saturn revolves round the sun in a pe- 
riod of about 30 of our years, and at the distance from hii& 
c/f 900 millions of miles. His diameter is 79,000 miles, 
making his bulk nearly nine hundred times greater than 
that of the earth, but notwithstanding this vast size, he re- 
volves on his axis once in about ten hours Saturn, there- 
fore, performs upwards of 25,000 diurnal revolutions in one 
of his years, and hence his year consists of more than 25,000 
days; a period of time equal to more than 10,000 of oui 
days. On account of the remote distance of Saturn from 
the sun, he receives only about a 90th part of the heat and 
light which we enjoy on the earth. But to compensate, in 
some degree, for this vast distance from the sun, Saturn has 
seven moons, which revolve round him at diflferent distances, 
and at various periods, from 1 to 80 days. 

What occasions the eclipses of Jupiter's moons'? Of what use are 
these eclipses to astronomers 1 How is the velocity of light ascertain- 
ed by the eclipses of Jupiter's satellites 1 What is the time of Saturn's 
pCTiodic revolution round the sun 1 What is his distance from the sun 1 
What his diameter*? What is the period of his diurnal revolution 1 
How many days make a year at Saturn 1 How many moons has 
Saturn? 
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789 Saturn is distinguished fram the othrr plani.-ta by Hit 
ring, as Jupiter is by bia belt. When this iilamt in vi>-wn) 
through a. telescope, he appears GurroiiiiJ>'il by an iniini-ii8L> 
liiminoua circle, \rhich is rcprt-senteU by tig. lOT, 

There are indeed two luminous circles, or riiiL':-, imi' 
Ttithin the other, with a dark spiicc butvvii-n th> in, »> ilnl 
they do not appear to touch each other. Neither jovs the 
inDuTringlouch Pig. 197. 

he body of the | 
phiiiM, there be- 

tion, about the I 
distance oflhirty ■ 
thousand miles | 
between them 

The external I _ 

circumference of the outer ring is ti4U,0L)U miles, and its 
breadth Trom the outer to iho inner circujnrtTi no-, T,':<ii; 
miles, or nearly ihe diameter of our i-:irih. Thrdark t[>v. 
between the two rino^s. or the interval beUvecn th(- inn- r and 
the outer ring, is 2,800 miles. 

This immense appendage revolves round thi' !>'in itiih 
the planet, — performs daily revolutions with it, ;ind. :n'i-iird- 
inglo Dr. Herschel, is a solid substance, ci|uai in di-ti.-i',> 
to the body of the planet itself. 

790. The design of Saturn's ring, an appciidasi- sii vnr^i, 
and so different from any ihinz presi'iilcd hyiit<: dih' r (>1;!n- 
ets, has always been a matter of sptculatiun mid iu'i'iiry 
among astronomers. One of its moat obvions uw-i :i',i[ii:irs 
to be that of reflecting the light of thi- sun on th>- tHuly >•( 
the planet, and possibly it may reflect th<- heat jiUu, so as '\u 
some degree to soften Itie rigour of so inhospitable a cliniri'c. 

701. As this planet revolves around thi- sun. on>* i>f it.i 
sides is illuminated during one half of the yiiir. anil ih<- 
other side during the other half; so that, as Saiurn's \var is 
ix\aa.l to thirty of our years, one of his sides will be .-n- 
lightened and darkened, allcrnatei' '''' 



ly. every fil 
iiy ia the H 



the poles of our earth are alternately ia the tight a&d dark 



What distance ia Iheie bdwee 
Iha eiienmfeTeDGe of the onler rii . 
■lleniBtdy in tha light and daikl 
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right angles to the plane of his nng. When Hen &om th» 
euth, hia position is b\ Pig jgg, 

ways oblique, as re — ~- 

seDted by fig. 198. 

The inner white ci 
repTcsenls the body of the! 
planet, enlightenea by thel 
Bun. The dark circle ne\ 
to this, is the unenlightec 
ed space between the body I 
of the planet and the i 
ner ring, being the dm 
expanse of the heavensi 
beyond the planet. TheP 
two wliite circles arc tho| 
rings of the planet, v 
the dark space between I 
thenit which also is the dark expanse of the heavens. 

Herschel. 

792. In consequence of some inequalities in the motions 
of Jupiter and Saturn, in their orbits, sereral aatroQomers 
had suspected that there existed another planet beyond the 
orbit of Saturn, by whose attractive influence these irregu- 
larities were produced. The conjecture was confirmed bj 
Dr. Herschel, in 1781, who in that year discovered the 

Slanet, which is now generally known by the name of its 
iscoverer, though called by him Georgiuta sidus. The 
orbit of Herschel is beyond that of Saturn, and at the dis' 
tance of 1800 millions of miles from the sun. To the 
naked eye this planet appears like a star of the sixth mag- 
nitude, being, with the exception of some of the comets, 
the most remote body, so far as is known, in the solar system. 

793. Herschel completes bis revolution round the sun ia 
nearly 84 of our years, moving in his orbit at the rale of 
15,000 miles in an hour. His diameter is 35,000 miles, 
so (hat hia bulk is about eighty times that of the earth. The 
.ight and heat of the sun at Herschel, is abotit 360 timet 
less than it is at the earth, and yet it has been found, bycal- 

In what position ia SKurn represented by fig. 198 1 Whut ciroum- 
■lance led to the discovery of Herschel? In «hat year, and by whom, 
wu BcTSchel discovercdl What ia the distance of Herschel from tli* 
sun? In what period is his revolution round the sun perfbrmedl 
What is the diameter of Hn-Khell What is the quantity of light bu4 
ietu al HiiTBchel, when compared with thai of ths earth f 
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ealation, that this light is equal to 248 of our fall mooni, a 
striking proof of the inconceivahle quantity of light emitted 
by the sun. 

This planet has six satellites, which revolve round him 
at various distances, and in different times. The period of 
some of these have heen ascertained, while those of the 
others remain unknown. 

Pig. 199. 




794. Relative situations of the Planets. — Having now 
2^iven a short account of each planet composing the solar 
system, the relative situation of their several orhits, with the 
exception of those of the Asteroids, are shown by fig. 199. 

In the figure, the orbits are marked by the signs of each 
planet, of which the first, or that nearest the sun, is Mer- 
cury, the next Venus, the third the Earth, the fourth Mars; 
then come those of the Asteroids, then Jupiter, then Saturn^ 
and lastly Herschel. 
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795. Comparative dimensions of the Planet sr. — The cofflh 
paratiire cUmensioos of the planets are delineated at fig. 200t 

Fig.20a 




ifu«M»» Marr f^fntu Mdirth Z' ^\, 

■"'S^ O O O r yuncha 



MoxrOTIS or the* PlrANET». 

796. It is said, that when &ir Isaac: Newton was near ^ 
monstrating the great truth, that p^ravity is the cause which 
keeps the heavenly bodies in their orbks, he became so agi- 
tated whh the thoughts of the magnitude and consequences 
of his discovery, as to be unable to proceed with his demon- 
strations, and desired his friend to finish what the intensity 
of his feelings would not allow him to complete. 

We have seen, in a former part of this work, that all un- 
disturbed motion is straight forward, and that a body pro- 
jected into open space, would continue, perpetually, to move 
in a right line, unless retarded or drawn out of this ceurse 
by some external cause. 

797. To account for the motions of the planets in thenr 
orbits, we will suppose that the earth, at the time of its cre- 
ation, was thrown by the liand of the Creator into open 
space, the sun having been before created and fixed in his 
present place. 

798r Under Compound Motion^ it has been shown, thai 
when a body is acted on by two forces perpendicular to each 
other, its motion will be in a diagonal line between the di- 
rection of the two forces. 

But vjre will again here suppose that a ball be moving 
in the line m x, ^g. 201, with a given force, and that 

Suppose a body to be acted on by two forces perpendicular to each 
Uber, ui what direction will it movet 
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Fig. 901. another force half as great 

should strike it in the cfirec- 
tion of n, the hall would 
then descrihe the diagonal 
of a parallelogram, whose 
length would be just ef>ual 
to twice its breadth, and the 
line of the ball would be 
straight, because it would obey the impulse and direction 
of these two forces only. 

Fig. 902, Now Jet a, fig. 202, 

represent the earth, and 
S the sun ; and suppose 
the earth to be moving 
forward, in the line 
from a to b, and to have 
arrived at a, with a ve- 
locity sufficient, in a 
fiven time, and without 
isturbance, to have car- 
ried it to b. But at the 
point a, the sun, S, acts 
upon the earth with his 
attractive power, and with a force which would draw it to c, 
in the same space of time that it would otherwise have gone 
to b. Then the earth, instead of passing to b, in a straicfht 
line, would be drawn down to d, the diagonal of the parallel- 
ogram a, b, d, c. The line of direction, in fig. 201, is 
straight, because the body moved obeys only the direction 
of the two forces, but it is curved from a to d, fig. 202, in 
consequence of the continued force of the sun's attraction, 
which produces a constant deviation from a right line. 

When the earth arrives at d, still retaining its projectile 
or centrifugal force, its line of direction would be towards n, 
but while it would pass along to n without disturbance, the 
attracting force of the sun is again sufficient to bring it to ^ 
in a straight line, so that, in obedience to the two impubeB, 
it again describes the curve to o. 

799. It must be remembered, in order to account for the 
circular motions of the planets, that the attractive force of 
the sun is not exerted at once, or by a single impulse, as is 

Why does the ball. fig. 201, move in a atraighi line! Why doM the 
earth, fig. 203, move in a curved Unel Explun fig. 202, and ibow how 
the two forces act to produce a cimdar line of motionl 
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the case with the cross forces, producing a stntigbt Hne^ Iml 
that this force is imparted by des^rees, and is constant It 
therefore acts eauall j on the earth, in all parts of the course 
from a to d, and from d to o. From o, the earth having the 
same impulses as before, it moves in the same curved or cir- 
cular direction, and thus ks motion is continued perpetually. 

800. The tendency of the earth to move forward in a 
straight line, is called the centrifugal force, and the aUrac- 
tioB of the sun, by which it is drawn downwards, or towards 
a centre, is called its centripetal for ce^^ndt it is by these two 
forces that the planets are made to perfosm their constant 
revo-lifttons around the sun. 

801. In the above explanation, it has been supposed that 
the sun's attraction, which constitutes the earth's gravity, was 
at all times equal, or that the earth was at an equal distance 
from the sun, in all parts of its orbit. But, as heretofore ex- 
plained, the orbits of all the planets are elliptical, the sun 
Deing placed in the lower fbcus of the eclipse. The sun's 

~ ~ attraction is, tlierefore, 

stronger in some parts of 
the>r orbits than id 
others, and for this rea- 
son their velocities are 
greater at some periodii 
of tbei-r revolutions thai 
at others. 

To make this unde^ 
stood, suppose, as before, 
that the centrifugal and 
centripetal forces so baK 
ance each other, that the 
earth moves round the 
circular orbit a e b, £g. 
203, until it comes to the 
point e ; and at this point, let us suppose, that the gravitating 
force is too strong for the force oi projection, so that the earthy 
instead of continuing its foi^mer direction towards 6, is attrac^ 
ed by the sun s, in the curve e e. When at c, the line of the 
earth's projectile force, instead of tending to carry it &rther 
fix)m the sun, as w^ould be the case, were it revolving in a cir- 

What is the projectile force of the earth called? What is the aUraci* 
ive force of the sun, which draws the earth towards him, called? ^- 
plain fig. 203, and show the reason why the vdecity is incieaaed fi 
ciod^ ajad why it is not retarded ffom /to g 1 
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eular orbit, now tends to dmw it itill nearer to him, so tkat ii 
this point, it is impelled by both forces ton'ardsihesun. From 
«, therefore, the force of gravity increasing in proportion as 
tbe square of th« distance between the sun and canh dimin- 
ishes, the velocity of the earth will be uniformly accelerated, 
HOtil it arris-ea at the point nearest the aun. d. At ihis pan of 
its orbit, the earth will have gained, by its incrcasnl relnciiv, 
•o much centrifugal force, oa to give it a lendencv lo orer- 
some the sub's attraction, and to fly off in the line d o. Bui 
the sun's attraction' being also increased by the ni'nr approach 
ef the earth, the earth is retained in iu orbit, notu-ithsian'f- 
ing its increased cen(fifiii[al force, and it iht-rcMr*' po'fM^ 
through !he opposite part of its orhit, from '/ to c at thu 
■ame distance from him that it appronchi'd. Axthrtarth 
passes from (he sun, (he force of gravity tends (••iitUimnV\y 
to retard its motion, ns it did lo increase it while appn-nrh- 
iHg him. But the velocity it hnd nctjuircd in a p prone h in;; 
the sun, gives it the same rate of motion from il to e, th:ii 
it had from c to d. From g, the earth's motion is iinirnnnly 
retarded, uotil it again arrives at ^, the point fruiii which A 
commenced, an<I frotn whence it describee thi' sume orbit, 
by virtue of ihc same forces, ns bofore. 

The earth, therefore, in its journey round the sun, iiiovm 
■t very iinoqiial velocities, sometimes beiri^ rrtnrded. and 
then agDin accelerated, by the sun's .itiraclion. 



802. It i 




cumslnncp, rfsp'^i-tinir the 
motions of the planus. ih:i( 
if the contents of thiir or- 
bits be diviili-d into une- 
qual triangles, the aciit"- 
angles of which nntrc at 
the Sim, with the line of 
the orbit for iheir bases, 
the centre of the planet 
will pass thr .igh each of 
K these Kises in equal times. 
This will In.- und'Mopi) 
by %. 2n4, the elliplieal 
circle beinj sii pposiit to ho 



(he I 



:irlb's 



irbit. 



of the f.."! 
Now the [ paci>s 1, ■£. ^1, 
&c. though of different 
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•hapesi are of the same dimensions, or contain the sarov 
r^uantity of surface. The earth, we have already seen, in 
its journey round the sun, describes an ellipse, and moves 
more rapidly in one part of its orbit than in another. But 
whatever may be its actual velocity, its comparative motion 
IS through equal areas in equal times. Thus its centre 
passes from E to C, and from C to A, in the same period of 
time, and so of all the other divisions marked in the figare. 
If the figure, therefore, be considered the plane of the earth'i 
orbit, divided in 12 equal areas, answering to the 12 monthi 
of the year, the earth will pass through the same areas is 
every month, but the spaces through which it passes will be 
increased, during every month, for one half the year, axtd 
diminished, during every month, for the other half. 

803. The reason why the planets, when they approach 
near the sun, do not fall to him, in consequence of his in- 
creased attraction, and why they do not fly oflf into open 
space, when they recede to the greatest distance from him, 
may be thus explained. 

804. Talcing the earth as an exajoQple, we have shown 
that when in the part of her orbit nearest the sun, her velo 
city is greatly increased by his attraction, and that conse 
quently the earth's centrifugal force is increased in propop 
tion. As an illustration of this, we know that a thread 
which will sustain an ounce ball, when whirled round in the 
air, at the rate of 50 revolutions in a minute, would be 
broken, were these revolutions increased to the number of 
60 or 70 in a minute, and that the ball would then f!y off in. 
a straight line. This shows that when the motion of a re- 
volving body is increased, its centrifugal force is also in- 
creased. Inow, the velocity of the earth increases in an 
inverse proportion, as its distance from the sun diminishes 
and in proportion to the increase of velocity is its centrifugal 
force increased ; so that, in any other part of its orbit, except 
when nearest the sun, this increase of velocity would carry 
the earth away from its centre of attraction. But this in* 
crease of the earth's velocity is caused by its near approach 
-0 the sun, and consequently the sun's attraction is increased 
as well as the earth's velocity. In other terms, when the 



How is it shown, that if the motion of a revolving body is increaa- 
ed, its projectile force is also increased 1 By what force is the earth's ve- 
.ocitv increased, as it approaches the sun 1 When the earth is neareH 
the sun, why does it not fall to him 1 When the earth's ccntrifug-al force 
18 ^preatest, what prevents its flying to the sun 1 
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^sentrifa^l force is increased, the centripetal force is in- 
^jreased in proportion, and thus, while the centrifugal force 
prevents the earth from falling to the sun, the centripetal 
force prevents it from moving off in a straight line. 

8O5L When the earth is in that part of its orbit most 
distant from the sun, its projectile velocity being retarded by 
the counter force of the sun's attraction, becomes greatly 
dimuushed, and then the centripetal force becomes stronget 
than the centrifugal, and the earth is again brought back by 
the sun's attraction, as before, and in this manner its motion 
goes on without ceasing. It is supposed, as the planets 
dlove through spaces void of resistance, that their centrifugal 
forces remain the same as when they first emanated from the 
hand of the Creator, and that this force, without the influence 
of the sun's attraction, would carry them forward into infinite 
space. 

The Earth. 

806. It is almost universally believed, at the present day, 
that the apparent daily motion of the heavenly bodies from 
east to west, is caused by the real motion of the earth from 
west to east, and yet there are comparatively few who have 
examined the evidence on which this belief is founded. For 
this reason, we will here state the most obvious, and to a 
common observer, the most convincing proofs of the earth's 
revolution. These are, first, the inconceivable velocity of 
the heavenly bodies, and particularly the fixed stars around 
che earth, if she stands still. Second, the fact, that all as- 
tronomers of the present age agree that every phenomenon 
which the heavens present^ can be best accounted for, by 
Mipposing the earth to revolve. Third, the analogy to be 
drawn from many of the other planets, which are known to 
revolve on their axis ; and fourth, the different lengths of 
days and nights at the different planets, for did the sun re- 
volve about the solar system, the days and nights at many 
of the planets must be of similar lengths. 

807. The distance of the sun from the earth being 95 
millions of miles, the diameter of the earth's orbit is twice 
its distance from the sun, and, therefore, 190 millions ot 
miles. Now, the diameter of the earth's orbit, when seen 
from the nearest fixed star, is a mere point, and were the 

What are the most obvious and convincing proofs tlint the earth re- 
▼olvea on its axis 1 Were the earth's orbit a solid mass, could it be 
Men by us, at the distance of the fixed stars 1 
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orbit a solid mass of opaque matter, it could not be seen, 
with such eyes as ours, from such a distance. This is known 
by the &ct, that these stars appear no larger to us, cvea 
when our sight is assisted by the best telescopes, when the 
earth is in that part of her orbit nearest them, than when at 
the greatest distance, or in the opposite part of her orbit 
The approach, therefore, of 190 millions of miles towards 
[the fixea stars, is so small a part of their whole distance 
'from us, that it makes no perceptible difference in their ap- 
pearance. Now, if the earth does not turn on her axis once 
in 24 hours, these fixed stars must revolve around the earth 
at this amazing distance once in 24 hours. If the sun 
passes around the earth in 24 hours, he must travel at the 
rate of nearly 400,000 miles in a minute ; but the fixed stars 
are at least 400,000 times as fiir beyond the sun, as the sun 
is from us, and, therefore, if they revolve around the earth, 
must go at the rate of 400,000 times 400,000 miles, that is, 
at the rate of 160,000,000,000, or 160 billions of miles in a 
minute; a velocity of which we .can have no more concep- 
tion than of infinity or eternity. 

808. In respect to the analogy to be drawn from the 
known revolutions of the other planets, and the different 
lengths of days and nights among them, it is sufficient to 
state, that to the inhabitants of Jupiter, the heavens appear 
to make a revolution in about 10 hours, while to those of 
Venus, they appear to revolve once in 23 hours, and to the 
inhabitants of the other planets a similar difference seems 
to take place, depending on the periods of their diurnal re- 
volutions. Now, there is no more reason to suppose that 
the heavens revolve round us, than there is to suppose that 
they revolve around any of the other planets, since the sciine 
apparent revolution is common to them all ; and as we know 
that the other planets, at least many of them, turn on their 
axis, and as all the phenomena presented by the earth, can 
be accounted for by such a revolution, it is folly to conclude 
otherwise. 



Suppose the earth stood still, how fast must the sun move to go 
round it in 24 hours 1 At what rate must the fixed stars move to go 
round the earth in 24 hours ? If the heavens appear to revolve every 
10 hours at Jupiter, and every 24 hours at the earth, how can this dit 
frrence be accounted for, if they revolve at alH Is there any more 
reason to believe that the sun revolves round the earth, than round any 
of the other planets 1 How can all the phenomena of the heavenji bo 
accounted for, if they do not revolve 1 



CireU* tmd Divitwiu of the Earth. 

809. It will be oBcessary for the pupil to retain in hn 
memory the names and directions of the following lines, or 
circles, by which the e&rth ia divided into parts. Thne Unea. 
it moat be understood, are entirely imaginary, there being no 
■uch divisionB marked by nature on the earth's anrbce. 
They are, howcTer, bo necessary, that no accnnle descrip- 
tion of the earth, or of its position with respect to the hea 
renly bodies, can be conveyed without them. 

^- 306- The earth, whoM 

diameter is 7912 
miles, IS repreaented 
by the globe, di 
sphere, Gg. 205. 
The straight liaa 
passiDg thro" its cen- 
tre; and about which 
Q it tnms, is called its 
azu, and the two ex- 
tremitiea of the azii 
are the poltt of the 
earth, A being the 
north pole, and B the 
sonth pole. The 
line C D, crossing 
the axis, passesquile 
round the earth, and divides it into two equal parts. This 
ia called the tqvituetial line, or the eipioioT. That part of 
the earth, situated north of this line, is called the northern 
kt»i*pheTt, and that part south of it, the touthern kemi- 
tpkere. The small circles £ F, and G H, surrounding or 
including the poles, are called the polar circlet. That snr- 
ronnding the north pole ia called the »retie circle, and that sur- 
ronndiug the south, the antarctic eirele. Between these cir- 
cles, there ia, on each side of the equator, another circle, 
which marks the extern of the tropics towards the north and 
sonth, from the equator. That to the north of the equator, 
I K, ia called the Iropie of Cancer, and that to the south, 
L M, the tropic of Capricorn. The circle L K, czteuding 

What ii the uLi of Ihs earth 1 What in the pida of the eanhl 
Wbatii thteqiutorl Where are the nortbem and *oaibem hemU- 
^mmI What ore thepolar cirdea 1 Whieli ii ilie antic, and whU 
Bie antantic circle t When ia Ifaa iro^ ot Cnaeer and wkwa llW 
tropic of Capikotn 1 
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obliqaely across the two tropics, and crossing the axis of ths 
earth, and the equator at their point of intersection^ ii6 called 
the ecliptic. This circle, as already explained, belongs 
rather to the heavens than the earlh, being an imaginary 
extension of the plane of the earth's orbit in erA'y direction 
towards the stars. The line in the figure, shows |he com- 
parative position or direction of the ecliptic in respect to the 
equator, and the axis of the ea^th. 

The lines crossing those already described, and meetine 
at the poles of the earth, are called meridian lines, or rnii- 
day lines, for when the sun is on the meridian of a place, it 
is the middle of the day at that place, and as these lines ex- 
tend from north to south, the sun shines bn the whole length 
of each, at the same time, so that it is 12 o'clock, at the same 
lime, on every place situated on the same meridian. 

The spaces on the earth, between the lines extending from 
east to west, are called zones. That which lies between the 
' tropics, from M to K, and from I to L, is called the torrid 
zone, because it comprehends the hottest portion of the 
earth. The spaces which extend from the tropics, north 
and south, to the polar circles, are called temperate zones, 
because the climates are temperate, and neither scorched 
with heat, like the tropics, nor chilled with cold, like 
the frigid zones. That lying north of the tropic of Cancer, 
is called the north temperate zone, and that south of the 
tropic of Capricorn, the south temperate zone. The spaces 
included within the polar circles, are called the frigid 
zones. The lines which divide the globe into two equal 
parts, are called the great circles ; these are the ecliptic and 
the equator. Those dividing the earth into smaller parts 
are called the lesser circles ; these are the .^nes dividing the 
tropics from the temperate zones, and the temperate zones 
from the frigid zones, &c. 

810. Horizon. — The horizon is distinguished into the 
sensible and rational. The sensible horizon is that portion 
of the sur&ce of the earth which bounds our vision, or the 
circle around us, where the sky seems to meet the earth 
When the sun rises, he appears above the sensible horizon, 
and when he sets, he sinks below it The rational horizon 



What is the ecliptic! What are the meridian lines? On what 
part of the earth is the torrid zone? How are the north and south 
temperate zones bounded 1 Where are the frigid zones 'i Which am 
the great, and which the lesser circles of the earth 1 How is the 
ok horizon distinguished from the rational 1 
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is a<i imaginary line passing through the centre of the eartu, 
and dividing it into two equal parts. 

811. Direction of the Ecliptic. — The ecliptic, (758) we 
have already seen, is divided into 360 equal parts, called 
degrees. - All circles, however large or smci. 1, are aivided 
into degrees, minutes, and seconds, in the same manner as 
the ecliptic. 

812. The axis of the ecliptic is an imaginary line pass- 
ing through its centre and perpendicular to its plane. The 
extremities of this perpendicular line, are called the poles of 
the ecliptic. 

If the ecliptic, or great piftne of the earth's orbit, be con- 
sidered on the horizon, or parallel with it, and the line of 
the earth's axis be inclined to the axis of this plane, or the 
axis of the ecliptic, at an angle of 23^ degrees, it will repre« 
sent the relative positions of the orbit, and the axis of the 
earth. These positions are, however, merely relative, for 
if the position of the earth's axis be reptesentea perpendicu- 
lar to the equator, as A B, fig. 205, then the ecliptic will 
cross this plane obliquely, as in that figure. But when the 
earth's orbit is considered as having no inclination, its axis, 
of course, will have an inclination, to the axis of the ecliptic, 
of 23^ degrees. 

As the orbits of all the other planets are inclined to the 
ecliptic, perhaps it is the most natural and convenient method 
to consider this as a horizontal plane, with the equator in- 
clined to it, instead of considering the equator on the plane 
of the horizon, as is sometimes done. 

813. Inclination of the EartWs axis. — The inclination 
of the earth's axis to the axis of its orbit never varies, but 
always makes an angle with it of 23^ degrees, as it moves 
round the sun. The axis of the earth is therefore always 
parallel with itself That is, if a line be drawn through 
the centre of the earth, in the direction of its axis, and ex- 
tended north and south, beyond the earth's diameter, the line 
so produced will always be parallel to the same line, or any 
number of lines, so drawn, when the earth is in different 
parts of its orbit. 



How are circles divided 1 Wnat is the axjs of the ecliptic ? What 
are the poles of the ecliptic 1 How many deg^rees is the axis of the earth 
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814. Suppose a rod to be fixed into the flat sarfkee of a 
table, and so inclined as to make an angle with a perpeti- 
dicular from the table of 23} degrees. Let this rod repre* 
sent the axis of the earth, and the surface of the table, the 
ecliptic. Now place on the table a lamp, and round the 
lamp hold a wire circle three or four feet in diameter, so 
that it shall be parallel with the plane of the table, and as 
high above it as the fiame of the lamp. Having prepared 
a small terrestrial globe* by passing a wire through it for 
an axis, and letting it project a few inches each way, for the 
poles, take hold of the north pole, and carry it round the 
circle, with the poles constantly parallel to the rod rising 
above the table. The rod being inclined 23} degrees (rem 
a perpendicular, the poles and axis will be inclined in the 
same degree, and thus the axis of the earth will be inclined 
to that 01 the ecliptic every where in the same degree, and 
lines drawn in the direction of the earth's axis will be paral- 
lel to each other in any part of its orbit. 

Fig. 906. 




This will be understood by fig. 206, where it will be seen, 
Aat thepoles of the earth, in the several positions of A, R 
C, and p, being equally inclined, are parallel to each other. 
Supposmg the lamp to repr^ent the sun, and the wire circle 
the earth's orbit, the actual position of the earth, during its 



How does It appear by fi^. 306, that the axis of the earth is »««.« 
to Itself, m all parts of Its orbit 1 IIow are the animal and diunud »> 
voiuuons of (he earth iUusurai^bv ^^.5K)i&. 
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^^. wuiiud revolution around the sun, will be compreheneted : 

^ and if the fflobe be turned on its axis, while passing round 

> jc rhe lamp, the diurnal or daily revolution of the earth will 

3 alvo be represented. 

* Day and Night. 

sit 
y^ 815, Were the direction of the earth s axis perpendicular 

V to the plane of its orbit, the days and nights would be of 

^. equal length all the year, for then just one half of the earth, 

"' from pole to pole, would be enlightened, and at the same 

time the other half would be in darkness. 

Pig. 207. 





Suppose the line s o, fig. 207, from the sun to the eartn, 
to be the plane of the earth's orbit, and that n s, is the axis 
of the earthy. perpendicular to it, then it is obvious, that ex- 
actly the same points on the earth would constantly pass 
through the alternate Tjpissitudes of day and night ; for all 
who live on the meridian line between n and 5, which line 
crosses the equator at o, would see the sun at the same time, 
and consequently, as the earth revolves, would pass into the 
dark hemisphere at the same time. Hence in all parts of 
the globe, the days and nights would be of equal length, at 
any given place. 

816. Now it is the inclination of the earth's axis, as above 
described, which causes the lengths of the days and nights 
to differ at the same place at different seasons of the year, 
for on reviewing the position of the globe at A, fig. 206, it 
will be observed, that the line formed by the enlightened 
and dark hemispheres, does not coincide with the line of the 
axis and poles, as in Bg. 207, but that the line formed by 
the darkness and the light, extends obliquely across the line 
of the earth's axis, so that the north pole is in the light, 
while the south is in the dark. In the position A, there- 
fore, an observer at the north pole would see the sun con- 

— - — • 

Biqplain, by fig. 307, why the days and nighu would every- when 
IM equaLwere the axis of the earth perpendicular to the plane of hli 
aibitl i/^HiM is the cause of the uneqtua lengths of the dayi and Bights 

IB difierent paiUi of the woildl 
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ttanlly, while another at the south pole, would not see it at 
^1. Hence those living in the nortn temperate zone, at the 
season of the year when the earth is at A, or in the summer, 
would have long days and short nights, in proportion as they 
approached the polar circle ; while those who live in the 
south temperate zone, at the same time, and when it would 
be winter there, would have long nights and short days jn 
the same proportion. 

Seasons of the Year. 

817. The vicissitudes of the seasons are caused by the 
annual revolution of the earth around the sun, together with 
the inclination of its axis to the plane of its orbit 

It has already been explained, that the ecliptic is the plane 
of the earth's orbit, and is supposed to Be placed on a level 
with the earth's horizon, and hencoj that tnis plane is con- 
sidered the standard, by whiph the inclination of the lines 
crossing the earth, and the obkquity of the orbits of the other 
planets, are to be estimated. 

818. The eouinoctial line, or the great circle passing 
round the middle of the earth, is inclined to the ecliptic, as 
well as the line of tl^e earth's .axis^ and hence in passing 
round the sun, the 
equinoctial line 
intersects, or cross- 
es the ecliptic^ in 
two places, oppo- 
site to each other. 

Suppose a h, ^g, 
208, to be the 
ecliptic, e / the 
equator, and c d, 
the earth's axis. 
The ecliptic and 
equator are sup- 
posed to be seen 
edgewise, so as to 
appear like lines instead of circles. Now it will be under 
stood by the figure that the inclination of the equator to thf 
ecliptic, (or the sun's apparent annual path through the 
heavens,) will cause these lines, namely, the line of the equa 
tor and the line of the ecliptic, to cut, or cross each other. 

What are the causes which produce the seasons of the year 1 Is 
what position is the ecpxator, with respea to the ediptxcl 
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^ as the sun makes his apparent annual revolution, and that 
^ this intercession will happen twice in the year, when the 
^ earth is in the two opposite points of her orhit. 
^ These periods are on the 2l8t of March, and the 21st of 
'^ September, in each year, and the points at which the sun is 
> seen at these times, are called the equinoctial points. That 
I which happens in September is called the autumnal equi- 
nox, and that which happens in March, the vernal equinox. 
At these seasons, the sun rises at 6 o'clock and sets at 6 
o'clock, and the days and nights are equal in length in every 
part of the globe. 

819. The solstices are the points where the ecliptic and 
the equator are at the greatest distance from each other. The 
earth, in its yearly revolution, passes through each of these 
points. One is called the summer^ and the other the winter 
solstice. The sun is said to enter the summer solstice on 
the 21st of June; and at this time, in our hemisphere, the 
days are longest, and the nights shortest. On the 21st of 
December, he enters his winter solstice, when the length of 
the days and nights are reversed from what they were in 
June before, the days being shortest, and the nights longest. 

Having learned these explanations, the student will be 
able to understand in what order the seasons succeed each 
other, and the reason why such changes^re the effect of the 
earth's revolution. 

820. Suppose the earth, ^g. 209, to be in her summer 
solstice, which takes place on the 21st of June. At this pe- 
riod she will be at a, having her north pole, n, so inclined 
towards the sun, that the whole arctic circle will be illumi- 
nated, and consequently the sun's rays will extend 23^ de- 
grees, the breadth of the polar circles, beyond the north 
pole. The diurnal revolution, therefore, when the earth is 
at a, causes no succession of day and night at the pole, since 
the whole frigid zone is within the reach of his rays. The 
people who live within the arctic circle will, consequently, 
at this time, enjoy perpetual day. During this period, just 

At what time? in the year do the line of the ecliptic and that of the 
equinox intersect each other 1 What are these points of intersection 
called ? Which 'is the autumnal, and which the vernal equinox 1 At 
what time does the sun rise and set, when he is in the equinoxes ? 
What are the solstices 7 When the sun enters the summer solstice, 
what is said of the length of the dpys and nights 1 When does the 
mm enter the winter solstice, and what is the proportion betwMii the 
length of the days and nights 1 At what season of the year is tlM 
whole arctic circie iUumincOed 1 
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the same proportion of the earth thid is enlightened in the 
northern hemisphere, will be in total darkness in the oppo- 
site iv;gion of the southern hemisphere; so that while the 
people of the north are blessed with perpetual day, those of 
the south are groping in perpetual night Those who live 
near the arctic circle in the north t^Mooiperate zone, will, du- 
ring the winter, come, for a few hours, within the regicms of 
night, by the earth's diurnal revolution ; and the greater the 
distance from the circle, the longer will be their nights, and 
the shorter their days. Hence, at this season, the £13^ will 
be longer than the nights everywhere between the eqimtor 
and the arctic circle. At the equator, the days and nights 
will be equal, and between the equator and the south polar 
circle, the nights will be longer than the days, in the same 
proportion as the days are longer than the nights, from the 
equator to the arctic circle. 

As the earth moves round the sun, the line which divides 
the darkness and the light, gradually approaches the poles, 
till having performed one quarter of her yearly journey 
from the point a, she comes to 6, about the 21st of Sep- 
tember. At this time, the boundary of light and darkness 

At what season is the whole antarciic circle in the dark 1 While 
the people near the north pole enjoy perpetual day, what is the situa- 
tion of those near the south polel At what season will the days be 
longer than the nights eyerywhere between the equator and the arctic 
circle 1 At what season wul the nights be longer than the days in the 
southern hemisphere 1 When will the days and nights be equal in md 
parts of the earth 1 



I 



£ARTH. 863 

through the poles, dividing the earth equally from 
east to west ; and thus in every part of the world, the days 
and nights are of equal length, the sun being 12 hours al- 
ternately above and below the horizon. In this position of 
*^he earth, the sun is said to be in the autumnal equinox, 
\ In the progress of the earth from b to c, the light of the 
vun gradually reaches a little more of the antarctic circle. 
The days, therefore, in the northern hemisphere, grow 
shorter at every diurnal revolution, until the 21st of De- 
cember, when the whole arctic circle is involved in total 
darkness. And now, the same places which enjoyed con- 
stant day in the June before, are involved in perpetual night. 
At this time, the sun, to those who live in the northern hemi- 
sphere, is said to be in his winter solstice ; and then the 
winter nights are just as long as were the summer days, 
and the winter days as long as the summer nights. 

When the earth has gone another quarter of her annual 
Journey, and has come to the point of her orbit opposite to 
where she was on the 21st of September, which happens on 
the 21st of March, the line dividing the light from the dark- 
ness again passes through both poles. In this position of 
the earth with respect to the sun, the days and nights are 
again equal all over the world, and the sun is said to be in 
his vernal equinox. 

From the vernal equinox, as the earth advances, the 
northern hemisphere enjoys more and more light, while the 
southern falls into the region pf darkness, in proportion, so 
that the days north of the equator increase in length, until 
the 21st of June, at which time, the sun is again longest 
above the horizon, and the shortest time below it. 

821. Thus the apparent motion of the sun from east to 
west, is caused by the real motion of the earth from west to 
east. If the earth is in any point of its orbit, the sun will 
always seem in the opposite point in the heavens. When 
the earth moves one aegree to the west, the sun seems to 
move the same distance to the east ; and when the earth has 
completed one revolution in its orbit, the sun appears to 
have completed a revolution through the heavens. Hence 
it follows, that the ecliptic, or the apparent path of the sun 

At what season of the year is the whole arctic circle involved in 
darkness 1 When are the days and nights equal all over the world 1 
When is the sun in the vernal equinox 1 What is the cause of the ap- 
parent motion of the sun iVom east to westi What is the apparent 
path of the sun, but the real path of the earthi 



S64 8EAfiOV8. 

through the heaTona, is the real path of the earth roiaiid 
thesuxL 

822. It will he observed by a careful perusal of the aboYe 
explanation of the seasons, and a close inspection of the fig- 
ure by which it is illustrated, that the sun constantly shines 
on a portion of the earth equal to 90 degrees north, and 90 
degrees south, from his place in the heavens, and, conse- 
quently, that he always enlightens 180 degrees, or one half 
of the earth. If, therefore, the axis of the earth were per- 
pendicular to the plane of its orbit, the days and nights 
would everywhere be equal, for as the earth performs its 
diurnal revolutions, there would be 12 hours day, and 12 
hours night. But since the inclination of its axis is 23i 
degrees, the light of the sun is thrown 23^ degrees beyond 
the north pole ; that is, it enlightens the earth 23 ^ degrees 
further in that direction, when the north pole is turned to- 
wards the sun, than it would, had the earth's axis no incli- 
nation. Now, as the sun's light reaches only 90 degrees 
north or south of his place in the heavens, so when the arc- 
tic circle is enlightened, the antarctic circle must be in the 
dark ; for if the light reaches 23^ degrees beyond the north 
pole, it must h\\ 23 J degrees short of the south pole. 

823. As the earth travels round the sun, in his yearly 
circuit, this inclination of the poles is alternately towards 
and from him. During our winter, the north polar region 
is thrown beyond the rays of the sun, while a correspond- 
ing portion around the south pole enjoys the sun's light 
And thus, at the poles, there are alternately six months of 
darkness and winter, and six months of sunshine and sum- 
mer. While we, in the northern hemisphere, are chilled 
by the cold blasts of winter, the inhabitants of the southern 
hemisphere are enjoying all the delights of summer; and 
while we are scorched by the rays of a vertical sun in June 
and July, our southern neighbours are shivering with the 
rigours of mid- winter. 

At the equator, no such changes take place. The rays 
of the sun, as the earth passes round him, are vertical twice 
a year at every place between the tropics. Hence, at the 



Had the earth's axis no inclination, why would the days and nights 
always he equal 1 How many degrees does the sun's light reach, north 
and south of him, on the earth 1 During our winter, is the north pole 
turned to or from the sun 1 At the poles, how many days and nights 
are there in the year 1 When it is winter in the northern hemisphere^ 
what is the season in the southern hemisphere? 
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equator, there are two summers and no winter, and as the 
sun there constantly shines on the same half of the earth in 
succession, the days and nights are always equal, there being 
12 hours of light, and 12 of darkness. 

824. Motion of the Earth. — The motion of the earth 
round the sun, is at the rate of 68,000 miles in an hour, 
while its motion on its own axis, at the equator, is at the 
rate of about 1042 miles in the hour. The equator, being 
that part of the earth most distant from its axis, the motion 
there is more rapid than towards the poles, in proportion to 
its greater distance from the axis of motion. See fig. 16. 
(174.) 

825. The method of ascertaining the velocity of the earth's 
motion, both in its orbit and round its axis, is simple, and 
easily understood ; for by knowing the diameter of the earth's 
orbit, its circumference is readily found, and as we know 
how long it takes the earth to perform her yearly circuity 
we have only to calculate what part of her journey she goes 
through in an hour. By the same principle, the hourly 
rotation of the earth is as readily ascertained. 

We are insensible to these motions, because not only the 
earth, but the atmosphere, and all terrestrial things, partake 
of the same motion, and there is no change in the relation 
of objects in consequence of it. If we look out at the win- 
dow of a steam-boat, when it is in motion, the boat will seem 
to stand still, while the trees and rocks on the shore appear 
to pass rapidly by us. This deception arises from our not 
having any object with which to compare this motion, when 
shut up in the boat; for then every object around us keeps 
the same relative position. And so, in respect to the motion 
of the earth, having nothing with which to compare its 
movement, except the heavenly bodies, when the earth moves 
in one direction, these objects appear to move in the con- 
trary direction. 

Causes of the Heat and Cold of the Seasons. 

826. We have seen that the earth revolves round the sun 
in an elliptical orbit, of which the sun is one of the foci, and 
consequently, that the earth is nearest him, in one part of 
her orbit than in another. From the great difference we 

At what rate does the earth move around the sun 1 How fast does 
it move around its axis at the equator? How is the velocity of the 
earth ascertained 1 Why are we insensible of the earth's motion 7 
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ezpenence between the heat of sarnmer and that of winter, 
wc should be led to suppose that the eartk must be much 
nearer the sun in the hot season than in the cold. But when 
we come to inquire into this subject, and to ascertain the dis- 
tance of the sun at different seasons pf the year, we find that 
the great source of heat and light is nearest us during \hb 
cold of winter, and at the greatest distance during the hea/ 
of summer. 

827. It has been explained, under the article Optics, thai 
the angle of vision depends on the distance at which a body 
of given dimensions is seen. Now, on measuring the an- 

fular dimension of the sun, with accurate instrument at 
iffercnt seasons of the year, it has been found that his di- 
mensions increase and diminish, and that these variations 
correspond exactly with the supposition, that the earth 
moves in an elliptical orbit. If, for instance, his apparent 
diameter be taken in March, and then again in July, it will 
be found to have diminished, which diminution is only to 
be accounted for, by supposing that he is at a greater dis- 
tance from the observer in July than in March. From 
July, his angular diameter gradually increases, till January, 
when it again diminishes, and continues to diminish, until 
July. By many observations, it is found, that the greatest 
apparent diameter of the sun, and therefore his least distance 
from us, is in January, and his least diameter, and there- 
fore his greatest distance, is in July. The actual difference 
is about three millions of miles, the sun being that distance 
further from the earth in July than in January. This, 
however, is only about one sixtieth of his mean distance 
from us, and the difference we should experiencj in his 
heat, in cnnseriuence of this difference of distance, will there- 
fore be very small. Perhaps the effect of his proximity to 
the earth may diminish, in some small degree, the severity 
of winter. 

828. The heat of summer, and the cold of winter, must 
therefore arise from the difference in the meridian altitude 
of the sun, and in the time of his continuance above the 

At what season of the year is the sun at the greatest, and at what 
season the least distance, from the earth 1 How is it ascertained that 
the earth moves in an elliptical orbit, by the appearance of the sun 1 
When does the sun appear under the greatest apparent diameter, and 
when under the least 1 How much farther is the sun from us in July 
than in January 1 What effect does this difference produce on the 
earth 1 How is the heat of summer, and the cold of winter, account- 
ed fori - ' 
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borizon. In annuner, the solai raya tall on the earth, in 
neuly a. perpeadiculsr directioD, and his powerful heat ia 
then constantly accumulated by the long days and short 
nights of the season. In winter, on the contraiy, the solar 
rays fall so obliquely, on the earth, as to produce littls 
warmth, and the small efiect tbey do produce during the 
short days of that seasoti, is almost enliiely destroyed bytba 
long nights which succeed. The difference between ths 
effects of perpendicular and ohlique rays, seems to depend, 
in a great measuro, on the different eMent of surface over 
fffaich they are spread. When the rays of the sun are made 
to pasi through a convex lens, the heat is iocreased, because 
the number of rays which naturally covered a large sitr&ce, 
are then made to cover a smaller one, so that the jwwer of 
the glass depends on the number of rays thus brought to a 
focus. If, on the contrary, the rays of the sun are suffered 
to pass through a concave lens, their natural heatine power 
is diminished, because they are dispersed, or spread over a 
wider surface than before. 

829. Now, to apply these different effects to the summer 
1 winter rays of the sua, let us suppose that the rays &IU 



Fig. 310. 



ing peipendiculaily 
on a given extent of 
surface, impart to it a 
certain degree of heat, 
then it is obvious, that 
if the same number of 
rays be spread over 
twice that extent of 
surface, their heating 
power would be di- 
minished in propor- 
tion, and that only half 
the heat would be im- 
parted. This is the 
effect produced by the 
sun's ray a in the win- 
ter. They iall so obliquely on the earth, as to occupy neat 
ly double the space that the same number of rays do in the 
summer. 

Why do the peqwndiculaF raya of suramei produce greater eSect* 
iban the obliqog rays of wJnUt 1 How is this JIIuatnitKl hj the con- 
rskiuieel Hot ig the actual diScrenM of the auminet 
'■■howal 




vex and concavs kii*e«1 
■nd winter rayi ahown 1 
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This is illustrated by fig. 210, where the munber oftajn, 
both m winter and summer, are supposed to be the same. 
But, it will be observed, that the winter rays, owing to theii 
oblique direction, are spread over nearly twice as much sur- 
Sum as those of summer. 

830. It may, however, be remarked, that the hottest sea- 
son is not usually at the exact time of the year, when the 
fun is most vertical, and the days the longest, as is the case 
towards the end of June, but some time afterwards, as in 
July and August 

To account for this, it must be remembered, that when 
he sun is nearly vertical, the earth accumulates more heat 
ny day than it gives out at nip^ht, and that this accumulation 
continues to increase after the days begin to shorten, and, 
consequently, the greatest elevation of temperature is some 
time after the lon&^est days. For the same reason, the ther- 
mometer generally indicates the greatest degree of heat at 
two or three o'clock on each day, and not at twelve o'clock, 
when the sun's rays are most powerful 

Figure of the Earth. 

831. Astronomers have proved that all the planets, to- 
gether with their satellites, nave the shape of the sphere, or 
globe, and hence, by analogy, there was every reason to 
suppose, that the earth would be found of the same shape; 
and several phenomena tend to prove, beyond all douht, tnat 
this is its form. The figure of the earth is not, however, 
exactly that of a globe, or ball, because its diameter is about 
34 miles less from pole to pole, than it is at the equator. 
But that its general figure is that of a sphere, or ball, is 
proved by many circumstances. 

832. When one is at sea, or standing on the seashore, 
the first part of a ship seen at a distance, is its mast. As 
the vessel advances, the mast rises higher and higher above 
the horizon, and finally the hull, and whole ship, become 
visible. Now, were the earth's surface an exact plane, no 
such appearance would take place, for we should then see 
the hull long before the mast or rigging, because it is much 
the largest object. 

Why is not the hottest season of the year at the period when th« 
days are longest, and the sun most vertical 1 What is the general fig- 
ure of the earth 7 How much less is the diameter of the earth at tM 
Coles than at the equator 1 How is tho convexity of the earth prDvid« 
y the approach of a ship at sea ? 
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Fig. 211. 




a 

it will be plain by ii^. 211, that were the ship, a, ele?a- 
ted, so that the hull should be on a horizontal line with the 
ieye, the whole ship would be visible, instead of the topmast, 
there being no reason, except the convexity of the earth, why 
the whole ship should not be visible at a, as well as at h. 

We know, for the same reason, that in passing over a 
hill, the tops of the trees are seen, before we can discover 
the grouna on which they st^nd ; and that when a man ap- 

E roaches from ♦he opposite side of a hill, his head is seen 
efore his feet. 

It is a well known fact also, that navigators have set out 
from a particular port, and by sailing continually westward, 
have passed around the earth, and again reached the port 
from which they sailed. This could never happen, were 
the earth an extended plain, since then the longer the navi- 
gator sailed in one direction, the further he would be from 
home. 

Another proof of the spheroidal form of the earth, is the 
figure of its shadow on the moon, durij^ eclipses, which 
shadow is always bounded by a circular Ime. 

These circumstances prove beyond itfl doiittt, that the 
form of the earth is globular, but that it is not an exact 
sphere ; and that it is depressed or flattened at the poles, is 
shown by the difference in the lengths of pendulums vibra- 
ting seconds at the poles, and at the equator. 

833. Under the article pendulum, it was shown that its 
vibiations depend on the attraction of gravitation, and that as 
:he centre of the earth is the centre of this attraction, so the 
aearer this instrument is carried to that point, the stronger 
will be the attraction, and consequently the more frequent 
its vibrations. 

From a great number of experiments, it has been found 

Explain fig. 211. What other proofs of the globular shape of tho 
earth are mentioned 1 How is it proved by the vibrations of the pen- 
dahun, that the earth is flattened at the poles 1 

23* 



870 



FIGURK OF THE EARTH. 



that a pendulum, which vibrates seconds at the equator, has 
its number of vibrations increased, when it is carried to- 
wards the poles ; and as its number of vibrations depends 
upon its length, a clock which keeps accurate time at tho 
equator, must have its pendulum lengthened at the poles. 
And so, on the contrary, a clock going correctly at, or near 
the poles, must have its pendulum shortened, to keep exact 
time at the equator. Hence the force of gravity is greatest 
at the poles, and least at the equator. 

The manner in which 
the figure of the earth dif- 
fers from that of a sphere, 
is represented by fig. 212, 
where n is the north pole, 
and s the south pole, the line 
from one of these points to 
the other, being the axis of 
the earth, and the line cross- 
ing this, the equator. It will 
be seen by this figure, that 
the surface of the earth« at 
the poles, is nearer its centre, 
than the surface at the equa- 
tor. The actual difTerence between the polar and equatorial 
diameters is in the proportion of 300 to 301. The earth is 
lierefore called an oblate spheroid^ the word oblate signify- 
ing the reverse of oblong, or shorter in one direction than 
in another. 

834. The compression of the earth at the poles, and the 
consequent accumulation of matter at the equator, is proba- 
bly the effect of its diurnal revolution, while it was in a soft 
or plastic state. If a ball of soft clay, or putty, be made to 
revolve rapidly, by means of a stick passed through its cen- 
tre, as an axis, it will swell out in the middle, or equator, 
and be depressed at the poles, assuming the precise figure 
of the earth. This figure is the natural and obvious conse- 
quence of the centrifugal force, which operates to throw the 
rnatter off, in proportion to its distance from the axis of mo* 
tion, and the rapidity with which the ball is made to revolve. 




In what proportion is the polar less than the equatorial diameter'* 
What is the earth called, in reference to this figure! How is it sup 

f)osed that it came to have this form 1 How is the form of ^e earth il* 
ustrated by experiment 1 Explain the reason why a plastic baU wil 
8wel\ at the equator, when made to revolve. 
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The parts about the equator would therefore tend to fly ofl| 
and leave the other parts, in con^quence of the centriragal 
force, while those about the poles, being near the centre of 
motion, would receive a much smaller impulse. Conse- 
quently, the ball would swell, or bulge out at the equator, 
which would produce a corresponding depression at the 
poles. 

835. The weight of a body at the poles is found to be 
greater than at the equator, not only because the poles are 
nearer the centre of the earth than the equator, but because 
the centrifugal force there tends to lessen its gravity. The 
wheels of machines, which revolve with the greatest rapid- 
ity, are made in the strongest manner, otherwise they will 
fly in pieces, the centrifugal force not only overcoming the 
gravity, but the cohesion of their parts. 

836. It has been found, by calculation, that if the earth 
turned over once in 84 minutes and 43 seconds, the centrifu- 
gal force at the equator would be equal to the power of 
gravity there, and that bodies would entirely lose their 
weight. If the earth revolved more rapidly than this, all 
the buildings, rocks, mountains, and men, at the equator, 
would not only lose their weight* but would fly away, and 
leave the earth. 

Solar and Siderial Time. 

836. The stars appear to go round the earth in 23 hours, 
56 minutes, and 4 seconds, while the sun appears to per- 
form the same revolution in 24 hours, so that the stars gain 
3 minutes and 56 seconds upon the sun every day. In a year, 
this amounts to a day, or to the time taken by the earth to 
perform one diurnal revolution. It therefore happens, that 
when time is measured by the stars, there are 366 days in 
the year, or 366 diurnal revolutions of the earth ; while, if 
measured by the sun from one meridian to another, there 
are only 365 whole days in the year. The former are call- 
ed the siderial, and the latter solar days. 

To account f<jr this difference, we must remember that 
the earth, while she performs her daily revolutions, is con- 
stantly advancing in her orbit, and that, therefore, at 12 

What two causes render the weights of bodies less at the equator 
than at the poles 1 What would be the consequence on the weights of 
bodies ^t the equator, did the earth turn over once in 84 minutes and 
43 seccnd.^ 1 The stars appear to move round the earth in less time than 
the sun, what does the difference amount to in a year 1 What is the yeat 
moucred by a star called ? What is that measured by (be sun caltod % 
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o'clock to-day she is not precisely at the same place in re- 
spect to the sun, that she wras at 12 oVlock yesterday, or will 
be to-morrow. But the fixed stars are at such an amazing 
distance from us, that the earth's orbit, in respect to them, is 
but a point ; and, therefore, as the earth's diurnal motion is 
perfectly uniform, she revolves from any given star to the 
same star again, in exactly the same period of absolute time. 
The orbit of the earth, were it a solid mass, instead of an 
imaginary circle, would have no appreciable length oi 
breidth, when seen from a fixed star, and therefore, whether 
the earth performed her diurnal revolutions at'a particular 
station, or while passing round in her orbit, wouldTmake no 
appreciable difference with respect to the star. Hence the 
same star, at every complete aaily revolution of the earth, 
appears precisely in the same direction at all seasons of the 
year. The moon, for instance, would appear at exactly the 
same point, to a person who walks round a circle of a hun- 
dred yards in diameter, and for the same reason a star ap 
pears in the same direction from all parts of the earth's or- 
bit, though 190 millions of miles in diameter. 

838. If the earth had only a diurnal motion, her revolu 
tion, in respect to the sun, would coincide exactly with the 
same revolution in respect to the stars ; but wnile she i> 
making one revolution on her axis towards the east, she ad 
vances in the same direction about one degree in her orbit, 
so that to bring the same meridian towards the sun« she 
must make a little more than one entire revolution. 

Fig. 213. 




How IS the difference in time between the solar and siderinl year ac» 
counted for 1 The earth's orbit is but a point, in reference to a 8tar| 
iiow ia thia illustrated 1 
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To make this plain, suppose the sun, s, fig. 213, to be ex- 
aistly on a meridum line marked at e, on the earth A, on a 
girea day. On the next day, the earth, instead of being at 
Ai as on the day before, advances in its orbit to B^ ana in 
the mean time having completed her revolution, in respect 
to a star, the same meridian line is not brought under the 
sna» as on the day before, but falls short of it, as at e, so that 
the earth has to perform more than a revolution, by the dis- 
tance from e to 0, in order to bring the same meridian 
again under the sun. So on the next day, when the earth 
is at C, she must again complete more than two revolutions, 
since leaving A,hy the space from e to 0, before it will again 
be noon at e. 

839. Thus, it is obvious, that the earth must complete 
one revolution, and a portion of a second revolution, equal 
to the space she has aavanced in her orbit, in order to bring 
the same meridian back again to the sun. This small por- 
tion of a second revolution amounts daily to the 365th part 
of her circumference, and therefore, at toe end of the year, 
to one entire rotation, and hence in 365 days, the earth 
actually turns on her axis 366 times. Thus, as one com- 
plete rotation forms a siderial day, there must, in the year, 
DO one siderial, more than there are solar days, one rotation 
of the earth, with respect to the sun, being lost, by the 
earth's yearly revolution. The same loss of a day happens 
to a traveller, who, in passing round the earth towards the 
west, reckons his time by the rising and setting of the sun. 
If he passes round towards the east, he will gain a day for 
the same reason. 

Equation of Time. 

840. As the motion of the earth about its axis is perfect- 
ly uniform, the siderial days, as we have already seen, are 
exactly of the same length, in all parts of the year. But 
as the orbit of the earth, or the apparent path of the sun, is 
inclined to the earth's axis, and as the earth moves with dif- 
ferent velocities in different parts of its orbit, the solar, or 
natural days, are sometimes greater and sometimes less than 

Had the earth only a diurnal revolution, would the siderial and solar 
time affree'} Show by fig. 213, how siderial differs from solar time? 
Why does not the earth turn the same meridian to the sun at the same 
time every day? How many times does the earth turn on her axis in a 
y ea r? Why does she turn more times than there are iays in the year ? 
Why are the solar days sometimes greater, and sometimes less, than 34 
hoars? 
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24 hoars, bb shown by an accurate clock. The coneeqiieBea 
is, that a true sun dial, or noon mark, and a true time pieces 
a^eo with each other only a few times in a year. The 
difference between the sun dial and clock, thus shown, is 
called the equation of Hifie, 

The difference between the sun and a well regulated 
clock, thus arises from two causes, the inclination of the 
earth's axis to the ecliptic, and the elliptical form of the 
earth's orbit 

841. That the earth moves in an ellipse, and that its mo- 
tion is more rapid sometimes than at otners, as well as that 
the earth's axis is inclined to the ecliptic, have already been 
explained and illustrated. It remains, therefore, to show 
how these two combined causes, the elliptical form of the 
orbit, and the inclination of the axis, produce the disagree- 
ment between the sun and clock. In this explanation, we 
must consider the sun as moving around the ecliptic, while 
the earth revolves on her axis. 

842. Equals or mean time, is that which is reckoned by 
a clock, supposed to indicate exactly 24 hours, from 12 
o'clock on one day, to 12 o'clock on the next day. Ap' 
parent time, is that which is measured by the apparmit mo- 
tion of the sun in the heavens, as indicated by a meridian 
line, or sun dial. 

843. Were the earth's orbit a perfect circle, fig. 207, and 
her axis perpendicular to the plane of this orbit, the deijB 
would be of a uniform length, and there would be no dif- 
ference between the clock and the sun ; both would indicate 
12 o'clock at the same time, on every day in the year. But 
on account of the inclination of the earth's axis to the 
ecliptic, unequal portions of the sun's apparent path through 
the heavens will pass any meridian in equal times. This 
may be readily explained to the pupil, by means of an arti- 
ficial globe; but perhaps it will be understood by the follow- 
ing diagram. 

Let A N B S, fig. 214, be the concave of the heavens, in 
the centre of which is the earth. Let the line A B, be the 
equator, extending through the earth and the heavens, and 
let A, a, h, C, c, and d, be the ecliptic, or the apparent path 

"What is the difference between the time of a sun dial and a clock 
called 1 What are the causes of the difference between the sun and 
clock 1 In explaining equation of time, what motion is considered aa 
belonging to the sun, and what motion to the earth 1 What is equal, or 
mean time 1 What is apparent time 1 
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ftf ibe sun throagh the heavens. Also, let A, 1, 2, 3, 4, S, 
00 equal distances on the equator, and A, a, b, C, e, and d, 
equal portions of the ecliptic, correspoadiag with A 1, 2, 3, 
4, and 5. Now we will suppose, that there are two sum, 
namely, a false, and a real one ; that the ialte one passes 
through the celestial equator, nhich is only an extension of 
the earth's equator Fig. 214. 

to (he heayens ; 
while the real sun 
has an apparent re- 
volution through 
the ecliptic : and 
that they both start 
from the point A, 
at the same instant. 
The &lse ann is ^' 
supposed to pass 
Ihro' the celestial 
equator in the same 
lime that the real 
one passes through 
the ecliptic, but not 
through the same 
meridinna at the 
same time, ao that the false sun arrives at the points 1. % 3, 
4, snd 5, at the time when the real sua arrives at the points 
a, b, C, and e. When the two suns were at A, the starting 
point, they were both on the same meridian, but when the 
fictitious sun comes to 1, and the real sun to a, they are not 
in the same meridian, but the real sun is westward tf the 
fictitious one, the real sun being at a while the fclae sun is 
on the meridian 1, consequently, na the earth turns on its 
axis from west to east, any particular pince will come under 
(he sun's reai meridian, aooner thun under the fictitious sun's 
meridian; that is, it will be 12 o'ciock by the truo sun, be- 
fore it is 12 o'clock by the false sun. or by a true clock ; but 
were the true sun in place of the false one, the sun and 

In fig. 214, which is the celeetial equator, and which ihe ecliptic? 
rhiDDgti which of these circles does the false, nnd through which iJocs 
lbs tnie Bun pass 1 When the real sun Hrrives to a, and llis false one la 
l.arethay bolhon the same meridian 1 Wliichis then moat westward ' 
When Ihe two suns are at 1, and a, why will any meridian come first 
nnder the real tixal Were the true sun id place of the false one, why 
wtNild the mn nnd clock af;ree1 
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clock would &grec. While the true son is paasing* througb 
that quaner of his orhit, from a to C, and uie fictitious son 
from 1 to 3, it will always he noon hy the true sun before it 
ia noon hy the false sun, and during this period, the sun will 
he faster than the clock. 

When the true sun arrives at C, and the &]se one at 3 
they are both on the same meridian, and the sun and clock 
agree. But while the real sun is passing from C to B, and 
the false one from 3 to B, any meridian comes later under 
the true sun than it d es under the false, and then it is 
noon by the sun after it i. noon by the clock, and the sun is 
then said to be slower thaL the clock. At B, both suns are 
ap^ain on the same meridian, and then again the sun and 
clock agree. 

We have thus followed the real sun throusfh one half of 
his true apparent place in the heavens, and the fieilse one 
through half the celestial equator, and have seen that the 
two suns, since leaving the point A, have been only twice on 
the same meridian at the same time. It has been supposed 
that the two suns passed through equal arcs, in equal times, 
the real sun through the ecliptic, and the false one through 
the equator. The place of the false sun may be considered 
as representing the place where the real sun would be, in 
case the earth's axis had no inclination, and consequently it 
agrees with the clock every 24 hours. But the true sun, as 
he passes round in the ecliptic, comes to the same meridian, 
sometimes sooner, and sometimes later, and in passing around 
the other half of the ecliptic, or in the other half year, the 
same varititions succeed each other. 

The two suns are supposed to depart from the point A, on 
the 20th of March, at which time the sun and clock coincide. 
From this time, the sun is faster than the clock, until the two 
suns come together at the point C, which is on the 21st of 
June, when the sun and clock again agree. From this perioa 
the sun is slower than the clock, until the 23d of September, 
and faster again until the 2 1st of December, at which time 
they agree as before. 

We have thus seen how the inclination of the earth's axis, 
and the consequent obliquity of the equator to the ecliptic, 

While the suns are passing from A to C, and from 1 to 3, will tba 
sun be faster or slower than the clock 1 When the two suns are at C, 
and 3, why will the sun and clock agree 1 While the real sun is passing 
from B to C, which is fastest, the clock or sun 1 What does the plaoi 
of the false sun represent, in ng. 214 1 
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causes the sun and clock to disagree, and on what days they 
would coincide, provided nu other cause interfered with their 
agreement But although the inclination of the earth's 
axis would bring the sun and clock together on the above- 
mentioDed days, yet this agreement is counteracted by an- 
other cause, which is the elliptical form of the earth's orbit, 
and though the sun and clock do agree four times in the 
year, it is not on any of the days above mentioned. 

It has been shown by fig. 204, that the earth moves more 
rapidly in one part of its orbit than in another. When it is 
nearest the sun, which is in the winter, its velocity is great- 
er than when it is most remote from him, as in the summer. 
Were the earth's orbit a perfect circle, the sun and clock 
would coincide on the days above specified, because then the 
only disagreement would arise from the inclination of the 
earth's axis. But since the earth's distance from the sun is 
constantly changing, her rate of velocity also changes, and 
she passes through unequal portions of her orbit in equal 
times. Hence, on some days, she passes through a greater 
portion of it than on others, and thus this becomes another 
cause of the inequality of the sun's apparent motion. 

The elliptical form of the earth's orbit would prevent the 
coincidence of the sun and clock at all times, except when 
the earth is at the greatest distance from the sun, which 
happens on the 1st of July, and when she is at the least dis- 
tance from him, which happens on the 1st of January. As 
the earth moves &ster in the winter than in the summer, 
from this cause, the sun would be faster than the clock from 
the 1st of July to the 1st of January, and then slower than 
the clock from the 1st of January to the 1st of July. 

844. We have now explained, separately, the two causes 
which prevents the coincidence of the sun and clock. By th^ 
first cause, which is the inclination of the earth's axis, they\ 
would agree four times in the year, and by the second cause,( 
the irregularity of the earth's motion, they would coincide t 
only twice in the year. 

Wow, these two causes counteract the effects of each 
other, so that the sun and clock do not coincide on any of the 

The inclination of the earth's axis would moke the sun and clock 
•ipnee in March, and the other months above named : why then do they 
not actually a^ree at those times 1 Were the earth's ^rbit a perfect cir. 
ek^ on what days would the sun and dock agree 1 How does the form. 
of the earth's orbit interfere with the agreement of the sun ard doclc 
on thoee dayal At what times would the form of the eacth*a orbit 
^~^ " the mm and clock to agroo 1 
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days, when either cause, taken singly, woald make an agree- 
ment between them. The sun and clock, therefore, are to- 
gether, only when the two causes balance each other ; that 
18, when one cause so counteracts the other, as to make a 
mutual agreement between them. This effect is produced 
tour times in the year; namely, on the 15th of April, 15th 
of June, 31st of August, and 24th of December. On these 
days, the sun, and a clock keeping exact time, coincide, acJ 
on no others. The greatest difference between the sun and 
clock, or between the apparent and mean time, is 16^ min- 
utes, which takes place about the 1st of November. 

Precession of the Equinoxes. 

845. A tropical year is the time it takes the sun to pass 
from one equinox, or tropic, to the same tropic, or equinox, 
again. 

846. A siderial year is the time it takes the sun to per- 
form his apparent annual revolution, from a fixed star, to 
the same fixed star again. 

Now it has been found that these two complete revolu- 
tions are not finished in exactly the same time, but that it 
takes the sun about 20 minutes longer to complete his ap- 
parent revolution in respect to the star^ than it does in re- 
spect to the equinox, and hence the siderial year is about 20 
minutes longer than the tropical year. The revolution of 
the earth from equinox to equinox, again, therefore, precedes 
its complete revolution in the ecliptic by about 20 minutes, 
for the absolute revolution of the earth is measured by its 
return to the fixed star, and not by the return of the sun to 
the same equinoctial point. This apparent falling back of 
*he equinoctial point, so as to make the time when it meets 
he sun precede the time when the earth makes its complete 
revolution in respect to the star, is called the precession of 
Ike equinoxes. 

The distance which the sun thus gains upon the fixed 
star, or the diflference between the sun and star, when the 

: The inclination of the earth's axis would make the sun and clock 
igree four times in the jrear, and the form of the earth's orbit would 
nake them agree twice in the year; now show the reason why they do 
not affree from these causes, on the above mentioned days, and why 
they do a|ree on other days. On what days do the sun and ck»cK 
agree 1 What is a tropical year 1 What is a siderial year 1 What is 
'.he difference in the time which it takes the sun to complete nis revolu- 
tion in respect to a star^ and in respect to the equinox 1 Explain what 
i8 meant by the precesnon of the equinoxes. 
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Bun has arriyed at the equinoctial point, amounts to 50 sec- 
onds of a degree, thus making the equinoctial point recede 
50 seconds of a degree, (when measured hy the signs of the 
zodiac,) westward, every year, contrary to the sun's annual 
progressive motion in the ecliptic. 

Fig. 216. 




To illustrate this hy a figure, suppose 8, fig. 215, to be 
the sun, E the earth, and o a fixed star, all in a straight line 
with respect to each other. Let it be supposed that this op- 
position takes place on the 21st of March, at the vernal equi- 
nox, and that at that time the earth is exactly between the 
sun and the star. Now when the earth has performed a 
complete revolution around its orbit i, a, as measured by the 
star, she will arrive at precisely the same point where she 
now is. But it is found that when the earth comes to the 
same equinoctial point, the next year, she has not gone her 
complete revolution in respect to the star ; the equinoctial 
point having fallen back with respect to the star, during the 
year, firom £ to e, so that the earth, after having completed 
her revolution, in respect to the equinox, has yet to pass the 
space firom e to E, to complete her revolution in respect to 
the star. 

The space from E to e, being 50 seconds of a degree, and 
the equinoctial point falling this space every year short of 
the place where the sun and this point agreed the year be- 
fore, it is obvious, that on the next revolution of the earth, 

How many seconds of a degree does the equinox recede every year, 
when thesan's place is compared with a star 1 How does fig. 215 il- 
nutittte the precession of the eqmnozest Explain fig. 215, and show 
from what points the equinoxes nOl back from year to year. 
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the cqumoz will not be found at e, but at t, so that the eaitn, 
havinfif completed her second revolution in respect to tHe 
sun when at t, will still have to pass from t to JS, oefore she 
completes another revolution in respect to the star. 

847. The precession of the equinoxes, being 50 seconds 
of a degree, every year, contrary to the sun's apparent mo 
tion, or about 20 mmutes, in time, short of ihe point where 
the sun and equinoxes coincided the year before, it follows, 
that the fixed stars, or those in the sign of the zodiac, move 
forward every year 50 seconds, with respect to the equi 
noxes. 

In consequence of this precession, in 2160 years, those 
stars which now appear in the beginning of the sign Aries; 
for instance, will tnen appear in the beginning of Taurus, 
having moved forward one whole sign, or 30 degrees, with 
respect to the equinoxes, or the equinoxes having gone 
backwards 30 degrees, with respect to the stars. In 12,960 
years, or 6 times 2160 years, therefore, the stars will appeal 
to have moved forward one half of the whole circle of the 
heavens, so that those which now appear in the first degree 
of the sign Aries, will then be in the opposite point of the 
zodiac, and, therefore, in the first degree of Libra. And in 
12,600 years more, because the equinoxes will have fellen 
back the other half of the circle, the stars will appear to 
have gone forward from Libra to Aries, thus completing the 
whole circle of the zodiac. 

Thus, in about 26,000 years, the equinox will have gone 
backwards a whole revolution around the axis of the eclip- 
tic, and the stars will appear to have gone forward the whole 
circle of the zodiac. 

848. The discovery of the precession of the equinoxes 
has thrown much lignt on ancient astronomy and chronolo- 
gy, by showing an agreement between ancient and modem 
observations, concerning the places of the signs of the zo* 
diac, not to be reconciled in any dther manner. 

A complete explanation of tne cause which occasions the 
precession of the equinoxes, would require the aid of the 
most abstruse mathematics, and therefore cannot be properly 

How many minutes, in timo, is the precession of the equinoxes pel 
yearl What effect does this precession produce on the fixed stars 1 
How many years is a star in gomg forwanf one degree, in respect to the 
equinoxes i In how many years will the stars appear to have passed 
half around the heavens 1 In what period will the earth 'appear tf 
have gone backwards one whole revolution 1 In what respect is th* 
precession of the equinoxes an important subject? 
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'• mtxodaced here. The caase itself may, however, be stated 
in a few words. 

849. It has already been explained, that the revolution of 
! the earth round its axis, has caused an excess of matter to 
£ be accumulated at the equator, and hence, that the equatorial 
I 18 greater than the polar diameter, by 34 miles. Now the 
} attraction of the sun and moon, on this accumulated matter 
' at the equator, has the effect of slowly turning the earth about 

the axis of the ecliptic, and thus causing the precession of 
the equinoxes. 

The Moon. 

850. While the earth revolves round the sun, the moon 
revolves round the earth, completing her revolution once jU 

. 27 days, 7 hours, and 43 minutes, and at the distance of 
240,000 miles from the earth. The period of the moon's 
change, that is, from new moon to new moon again is 29 
days, 1 2 hours, and 44 minutes. 

851. The time of the moon's revolution round the earth 
is called her periodical month ; and the time from change 
to change is called her synodical month. If the earth had 
no annual motion, these two periods would be equal, but 
because the earth goes forward in her orbit, while the moon 
goes round the earth, the moon must go as much farther, 
from change to change, to make these periods equal, as the 
earth goes forward during that time, which is more than the 
twelfth part of her orbit, there being more than twelve lunar 
periods in the year. 

852. These two revolutions may be familiarly illustrated 
by the motions of the hour and minute hands of a watch. 
Ijet us suppose the 12 hours marked on the dial plate of a 
watch to represent the 12 signs of the zodiac through which 
the sun seems to pass in his yearly revolution, while the 
hour hand of the watch represents the sun, and the minute 
hand the moon. Then, as the hour hand goes around the 
dial plate once in 12 hours, so the sun apparently goes 
around the zodiac once in 12 months; and as the minute 
hand makes 12 revolutions to one of the hour hand, so the 
moon makes 12 revolutions to one of the sun. But the 



What is the cause of the precession>of the eauinoxes 1 What is the 
period of the moon's revolution round the eartn i What^s the period 
srom new moon to new moon again 1 What are these two periods 
called 1 Why are not the periodical and synodical months eqiwdl 
How are these two revolutions of the moon illustrated by ths two 
hands of a watch 1 
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jtiooD, or minute hand, must go more than once round, frou 
any point on the circle, where it last came in conjunction 
with the sun, or hour hand, to overtake it again, since the 
hour hand will have moved forward of the place where it 
was last overtaken, and consequently the next conjunction 
must be forward of the place where the last happened. 
During an hour, the hour hand describes the twelfth part of 
the circle, but the minute hand has not only to go round the 
whole circle in an hour, but also such a portion of it, as the 
hour hand has moved forward since they last met Thus, 
at 12 o^clock, the hands are in conjunction; the next con 
^unction is 5 minutes 27 seconds past I o'clock ;.'the next, 
10 min. 54 sec. past II o'clock; the third, 16 min. 21 sec 
past III ; the 4th, 21 min. 49 sec. past IV ; the 5th, 27 min. 
10 sec. past V ; the 6th, 32 min. 43 sec. past VI; the 7tb, 
38 min. 10 sec. past VII ; the 8th, 43 min. 38 sec. part VIII; 
the 9th, 49 min. 5 sec. past IX; the 10th, 54 min. 32 sec 
past X ; and the next conjunction is .at XII. 

853. Now althoufi^h the moon passes around the earth in 
27 days 7 hours and 43 minutes, yet her change does not 
take place at the end of this period, because her changes 
are not occasioned by her revolutions alone, but by her 
coming periodically into the same position in respect to the 
sun. At her change, she is in conjunction witn the sun, 
when she is not seen at all, and at this time astronomers cal) 
it new moon, though generally, we say it is new moon two 
days afterwards, when a small part of her face is to be 
seen. The reason why there is not a new moon a*^ the end 
of 27 days, will be obvious, from the motions of the hands 
of a watch ; for we see that more than a revolution Of the 
minute hand is required to bring it again in the same 
position with the hour hand, by about the twelfth part of 
the circle. 

The same principle is true in respect to the moon; for as 
the earth advances in its orbit, it takes the moon 2 days 5 
hours and I minute longer to come again in conjunction 
with the sun, than it does to make her monthly revolution 
round the earth; and this 2 days 5 hours and 1 minute 

Mention the time of several conjunctions between the two hands of a 
watch 1 Why do not tha moon's changes take place at the periods of 
her revolution around the earth 1 How much longer does it take the 
moon to come again in conjunction with the sun, than it does to perform 
her periodical revolution 1 How is it proved that the moon tsakes Kta 
one revolution on her axis, as she passes around the earth ^ 
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ouing added to 27 days 7 hoars and 43 minutes, the time of 
the periodical revolution makes 29 days 12 hours and 44 
minutes, the period of her synodical revolution. 

854. The moon always presents the same side, or fitcep 
Cowards the earth, and hence it is evident that she turns on 
ner axis but once, while she is performing one revolution 
round the earth, so that the inhabitants of the moon have but 
one day, and one night, in the course of a lunar month. 

One half of the moon is never in the dark, because when 
this half is not enlightened by the sun, a strong light is re- 
flected to her from the earth, during the sun's absence. The 
other half of the moon enjoys alternately two weeks of the 
tfun's light, and two weeks of total darkness. 

855. The moon is a globe, like our earth, and, like the 
earth, shines only by the light reflected from the sun; 
therefore, while that half of her which is turned towards the 
sun is enlightened, the other half is in darkness. Did the 
moon shine by her own light, she would be constantly visible 
10 us, for then, being an orb, and every part illuminated, we 
should see her constantly full and rouna, as we do the sun. 

856. One of the most interesting circumstances to us, res- 
pecting the moon, is, the constant changes which she un- 
dergoes, in her passage around the earth. When she first 
appears, a day or two after her change, we can see only a 
small portion of her enlightened side, which is in the form 
of a crescent ; and at this time she is commonly called new 
moon. From this period, she goes on increasing, or show- 
ing more and more of her fisice every evening, until at last 
she becomes round, and her face fully illuminated. She 
then begins again to decrease, by apparently losing a small 
se^^tion of her face, and the next evening another small sec- 
tion from the same part, and so on, decreasiiig a little every 
day, until she entirely disappears; and having been absent 
a day or two, re-appears, in the form of a crescent, or 
new moon, as before. 

857. When the moon disappears, she is said to be in con- 
function, that is, she is in the same direction from us with 
the sun. When she is full, she is said to be in oppotition^ 
that is, she is in that part of the heavens opposite to the sun« 
as seen by us. 

One half of the moon is never in the dark; explain why this is sol 
How long is the day and night at the other half 1 How is it showii 
that the moon shines only by reBected light 1 When is the moon saU 
to be in conjunction with the sun, and when in oppoRUon to th« — 
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858. The different appearances of the moon, from new hi 
Mk and from full to change, are owing to her presentmg 
different portions of her enlightened surface towards us at 
different times. These appearances are called the phases of 
the moon, and are easily accounted for, and understood, by 

the following figure. 

Pig. 316. 





Let 8, fig. 216, be the sun, E the earth, and A, B, C. 1), 

JB, the moon in different parts of her orbit. Now when the 
moon changes, or is in conjunction with the sun, as at ^ 
her dark side is turned towards the earth, and she is invisi- 
ble, as represented at a. The sun always shines on one 
half of the moon, in every direction, as represented at A 
and B, on the inner circle ; but we at the earth can see only 
such portions of the enlightened half as are turned towaros 
us. After her change, when she has moved from AioB,& 
small part of her illuminated side comes in sight, and she 
appears homed, as at b, and is then called the new moon. 
When she arrives at C, several days afterwards, one half 
of her disc is visible, and she appears as at c, her appearance 
being the same in both circles. At this point she is said to 
be in her first quarter, because she has passed through a 
quarter of her orbit, and is 90 degrees from the place of her 
conjunction with the sun. At D, she showa us still more 
of her enlightened side, and is then said to appear gibbous^ 

What are the phases of the moon 1 Describe fig. 216, and shov 
how the moon passes from change to full, and from full to change 7 
What is said concerning the phases of the earth, as seen from the 
moon? 



iK. 



MOON. asi 

as at d When she comes to E, her whole ^ightttied side 
is turned towards the earth, and she appears in all the 
splendour of a Ml moon. During the other half of her 
revolution, she daily shows less and less of her illuminated 
side, until she again becomes invisible by her conjunction 
with the sun. Thus, in passing from her conjunction €t, to 
her full, e, the moon appears every day to increase, while ill 
g^oing from her full to her conjunction again, she appears to , 
as constantly to decrease, but as seen from the sun, she ap- 
pears always full. 

859. How the Earth appears at the Moon, — The earth, 
seen by the inhabitants of the moon, exhibits the same 
phases that the moon does to us, but in a contrary order. 
When the moon is in her conjunction, and consequently 
invisible to us, the earth appears full to the people of- the 
moon, and when the moon is full to us, the earth is dark to 
them. 

The earth appears thirteen times larger to the lunarians 
than the moon does to us. As the moon always keeps the 
same side towards the earth, and turns on her axis only as 
she moves round the earth, we never see her opposite side. 
Consequently, the lunarians who live on the opposite side 
to us never see the earth at all. To those who live on the 
middle of the side next to us, our earth is always visible, 
and directly over head, turning on its axis nearly thirty 
times as rapidly as the moon, for she turns only once in 
about thirty days. A lunar astronomer, who should hiEipp^ 
to live directly opposite to that side of the moon, whicn is 
next to us, would have to travel a quarter of the circum- 
ference of the moon, or about 1500 miles, to see our earth 
above the horizon, and if he had the cariosity to see such a 
glorious orb, in its full splendour over his head, he must 
travel 3000 miles. But if his curiosity equalled that of 
the terrestrials, he would be amply compensated by behold- 
ing so glorious a nocturnal luminary, a moon thirteen times 
as large as ours. -ft 

860. That the earth shines upon the moon as^the moon 
does upon us, is proved by the fact that the outline of her 
whole disc may be seen, when only a part of it is enlighten- 
ed by the sun. Thus when the sky is clear, and the moon 

When does the earth appear full at the mooni When is the earth in 
hor change, to the people of the moon 1 WTiy do those who live on ong 
side of the moon never sec the earth 1 How is it known that the eartfi 
shines upon the moon, as the moon does upon us 1 
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only two or three da^rs old, it is not uncommon to see tkt 
brilliant new moon, with her horns enlightened by tbe suBi 
and at the same time, the old moon, feintly illuminated by 
reflection from the earth. This phenomenon is sometimes 
called ** the old moon in the new moon's arms." 

It was a disputed point among former astronomers, whether 
the moon has an atmosphere ; but the more recent discoveries 
'have decided that she has an atmosphere, thouj^^h there is 
reason to believe that it is much less dense than ours. 

861. Surface of the Moon. — When the moon's surface is 
examined ihrough a telescope, it is found to be wonderfully 
diversified, for brides the dark spots perceptible to the naked 
eye, there are seen extensive valleys, ana long ridges of 
highly elevated mountains. 

862. Some (^ these mountains, according to Dr. Herschel, 
are 4 miles high, while hollows more than 3 mile? deep, 
and almost exactly circular, appear excavated on the plains. 
Astronomers have been at vast labour to enumerate, figure, 
and describe, the mountains and spots on the surfece of the 
moon, so that the latitude and longitude of about 1(M) spots 
have been ascertained, and their names, shapes, and relative 
positions given. A still greater number of mountamA have 
been named, and their heights and the length of their bases 
detailed. 

863. The deep caverns, and broken appearance of the 
moon's surface, long since induced astronomers, to believe 
that such eflfects were produced by volcanoes, and more re- 
cent discoveries have seemed to prove that this sugirestion 
was not without jfbundation. Dr. Herschel saw with his 
telescope, what appeared to him three volcanoes in the moon, 
two of which were nearly extinct, but the third was in the 
actual state of eruption, throwing out fire, or other luminous 
matter, in vast quantities. 

864. It was formerly believed that several large spots, 
which appeared to have {Jane surfaces, were seas, or lakes, 
and that a part of the moon's surface was covered with 
water, like that of our earth. But it has been found, on 
closely observing these spots, when they were in such a 
position as to reflect the sun's light to the earth, had they 
been water, that no such reflection took place. It has also 



What IS said concerning the moon's atmosphere 1 How high aw 
some of the mountains, and how deep the caverns of the moon 1 What 
is said concerning the volcanoes of tne mooa'{ 
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Leen foond, that when these spots were turned ia a certam 
position, their surfaces appeared roagh, and uneven; a 
certain indication that they are not water. These circum- 
ficances, together w)fkk the feet, that the moon's sur&ce is 
never ohscurcd by mist or vapor, arising from the evaporation 
of water fron^ her surface, have induced astronomers to be- 
lieve, that the moon has neither seas, lakes, nor rivers, and 
indeed that no water exists there. 

ECLIPSBS. 

865. Every planet and satellite in the solar system is il- 
luminated by the sun, and hence they cast shadows in the 
direction opposite to him, just as the shadow of a man 
reaches from the sun. A shadow is nothing more than the 
interception of the rays of light by an opaque body. The 
earth always makes a shadow^ which reaches to an immense 
distance into open space, in the direction opposite to the sun. 
When the earth, turning on its shKb, carries us out of the 
sphere of the sun's light, we say it' is sunset^ and then we 
pass into the earth's shadow, and night comes on. Whtn 
the earth turns half round from this point, and we again 
emerge out of the earth's shadow, we say, the sun rises^ and 
then day begins. 

866. Now an eclipse of the moon is nothing more than 
her falling into the shadow of the earth. The moon, hav- 
ing no light of her own, is thus darkened, and we say she is 
eclipsed. The shadow of the moon also reaches to a great 
distance from her. We know that it reaches at least 240,000 
miles, because it sometimes reaches the earth. An eclipse 
of the sun is occasioned whenever the earth falls into the 
shadow of the moon. Hence, in eclipses, whether of the 
sun or moon, the Iwo planets and the sun must be nearly in 
a straight line with respect to each other. In eclipses of the 
moon, the earth is between the sun and moon, and in eclipses 
of the sun, the moon is between the earth and sun. 

867. If the moon went around the sun in the same plane 
with the earth, that is, were the moon's orbit on the plane 

What is supposed concerning the lakes and seas of the moon 1 On 
what grounds is it supposed that there is no water at the moon 1 What 
is a shadow 1 When do we say it is sunset, and when do we say it 
is sunrise 1 What occasions an eclipse of the moon 1 What csuses 
eclipses of the sun? In eclipses of the moon, what planet is between 
the sun and moon 1 In eclipses of the sun, what planet is between the 
sun and earth 1 Why is there not an eclipse of the sun at every oon* 
junction of the sun and moon 1 
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ot ihe ecliptic there would happen an eplipae of the sun at 
every cotganctioa of the 8un and moon, or at the time of 
every new moon. But at these conjunctions the moon doei 
not come exactly between the earth and sun, because the or 
hit of the moon is inclined to the ecliptic at an angle of 5^ 
degrees. Did the planes of the orbits of the earth and 
moon coincide, there would be an eclipse of the moon at 
every full, for then the moon would pass exactly through 
the earth's shadow. 

868. One half of the moon's orbit being elevated SJ de- 
grees above the ecliptic, the other half is depressed as much 
below it, and thus the moon's orbit crosses tnat of the earth 
in two opposite points, called the moon's nodes. 

As the nodes of the moon are the points where she crosses 
the ecliptic, she must be half the time above, and the other 
half below these points. The node in which she crosses 
the plane of the ecliptic upward, or towards the north, is 
called her aseetiding nflde. That in which she crosses the 
same plane downwardfor towards the south, is called h^ 
descending node. 

The moon's orbit, like those of the other planets, is ellip- 
tical, so that she is sometimes nearer the earth than at others. 
When she is in that part of her orbit, at the greatest dis- 
tance fron\ the earth, she is said to be in her apogeei snd 
when at her least distance from the earth, she is in her 
perigee. 

869. Eclipses can only happen at the time when the moou 
is at, or near, one of her nodes, for at no other time is she 
near the plane of the earth's orbit;, and since the earth is 
always in this plane, the moon must be at, or near it, also, 
in order to bring the two planets and the sun in the same 
right line, without which no eclipse can happen. 

870. The reason why eclipses do not happen ofiener, and 
at regular periods, is because a node of the moon is usually 
only twice, and never more than three times in the year, 
presented towards the sun. The average number of total 
eclipses of both luminaries, in a century, is about thirty, and 
the average number of total and partial, in a year, about 



How many degrees is the moon's orbit inclined to that of the 
earth 1 What are the nodes of the moon 1 What is meant by th« 
ascendmg and descending nodes of the moon 1 What is the moon's 
apog»e, and what her perigee 1 Why must the moon be at, or near, 
one of her nodes, to occasion an eclipse 1 Why do not eclipses hap 
oen often, and at regular periods? 
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fewr. There may be seven eclipses in a year, including 
ihose of both luminaries, and there may be only two. When 
there are only two, they are both of the sun. 

When the moon is within 16^ degrees of her node, at the 
time of her change, she is so near the ecliptic, that the sun 
may be more or less eclipsed, and when she is within 12 de- 
grees of her node, at the time of her full, the moon will be 
more or less eclipsed. 

871. But the moon is more frequently within 16 J- de- 
grees of her node at the time of her change, than she is within 
12 degrees at the time of her full, and consequently there 
will be a greater number of solar, than of lunar eclipses, in 
a course of years. Yet more lunar eclipses will be visible, 
at any one place on the earth, than solar, because the sun, be- 
ing so much larger than the earth, or moon, the shadow of 
these Dodies must terminate in a point, and this, point of the 
moon's shadow never covers but a small portion of the earth's 
surface, while lunar eclipses are visible over a whole hemi- 
sphere, and as the earth turns on its axis, are therefore visible 
to more than half the earth. This will be obvious by figs. 
217 and 218, where it will be observed that an eclipse of the 
moon may be seen wherever the moon is visible, while an 
eclipse of the sun will be total only to those who live within 
the space covered by the moon's dark shadow. 

872. Lunar Eclipses. — When the moon falls into the 
shadow of the earth, the rays of the sun are intercepted, or 
hid from her, and she then becomes eclipsed. When the 
earth's shadow covers only a part of her face, as seen by us, 
she suffers only a partial eclipse, one part of her disc being 
obscured, while the other part reflexsts the sun's light. But 
when her whole surface is obscured by the earth's shadow, 
she then su^rs a total eclipse, and of a duration proportion 
ate to the distance she passes through the earth's shadow. 

Fig. 217 represents a total lunar eclipse; the moon being 
in the midst of the earth's shadow. Now it will be apparent 
that in the situation of the sun, earth, and moon, as repre- 
sented in the figure, this eclipse will be visible from all parts 
of that hemisphere of the earth which is next the moon, and 
that the moon s disc will be equally obscured, from whatever 
point it is seen. When the moon passes through only a part 

What is the greatest, and what the least number of eclipses, that can 
happen in a yearl Why will there be more solar than lunar eclipses in 
the eonrse of years 1 Why will more lunar than solar eclipses be visi- 
ble at any one place 1 

85 
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of the earth's sl^adow, then she snfiers only a partial eclipse, 
but this is also visible from the whole hemisphere next the 

Fig. 217. 




moon. It will be remembered that lunar eclipses happen 
only at full moon, the sun and moon being 3n opposition, and 
the earth betwe«:i them. 

873. Solar Eclipses. — ^When the moon passes between 
the earth and sun, there happens an eclipse of the sun, be* 
cause then the moon's shadow falls upon the earth. A total 
eclipse of the sun happens often, but when it occurs, the to- 
tal obscurity is confined to a small part of the earth ; since 
the dark portion of the moon's shadow never exceeds 200. 
miles in diameter on the earth. But the moon's partial 
shadow, or penumbra, may cover a space on the earth of 
more than 4000 miles in diameter, within all which space 
the sun will be more or less eclipsed. When the penumbra 
first touches the earth, the eclipse begins at that place, and 
ends when the penumbra leaves it. But the eclipse will be 
total only where the dark shadow of the moon touches the 
earth. 

Pig. 218. 




Fig. 218 represents an eclipse of the sun, without regard 
to the penumbra, that it may be observed how small a part of 
the earth the dark shadow of the moon covers. To those 



Why is the same eclipse total at one place, and only partial at 
another 1 Whv is a total eclipse of the sun confined to so small a part of 
the earth 1 What is meant by penumbra 1 What will be the ditterencf 
in the aspect of the eclipse, whether the observer stands within thedaik 
shadow, or only within the penumbra 1 
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who live within the limits of this shadow, the eclipse will be 
total, while to those who live m any direction around it, and 
within reach of the penumbra, it will be only partial. 

874. Solar eclipses are called annular^ from annulus, a 
ring, when the moon passes across the centre of the sun, 
hiding all his light, with the exception of a ring on his outer 
edge, which the moon is too small to cover from the position 
in which it is seen. 

Fig. 219. 




Fig. 219 represents a solar eclipse, with the penumbra D, 
C, and the umbra, or dark shadow, as seen in the above figure. 

When the moon is at its greatest distance from the earth, 
its shadow m o, sometimes terminates, before it reaches the 
earth, and then an observer standing directly under the point 
9, will see the outer edge of the sun, forming a bright ring 
around the circumference of the moon, thus forming an cm' 
nular eclipse. 

The penumbra D C, is only a partial interception of the 
son's rays, and in annular eclipses it is this partial shadow 
only which reaches the earth, while the umbra, or dark 
shadow, terminates in the air. Hence annular eclipses are 
never total in any part of the earth. The penumbra, as al- 
ready stated, may cover more than 4000 miles of space, 
while the umbra never covers more than 200 miles in di- 
ameter ; hence partial eclipses of the sun may be seen by a 
vast number of inhabitants, while comparatively few will 
witness the total eclipse. 

875. When there happens a total solar eclipse to us, we 
ire eclipsed to the moon, and when the moon is eclipsed tQ^ 
IS, an eclipse of the sun happens to the moon. To the mooiiy' 
in eclipse of the earth can never be total, since her shadow 
severs only a small portion of the earth's surface. Suo2? an 
eclipse, therefore, at the moon, appears only as a dark spot 

on the &ce of the earth ; but when the moon is eclipsed to 

— ^^_-^^^^^— ^-^^^^^^— 

What 18 meant by annular eclipses 1 Are annular eclipses ever total 
in any part of the earth 1 In annular eclipses, what part of the motmu 
•hadow reaches the earthi What is said concerning echpM* ofthe 
aarth, as seen from the moon 1 
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m, the sou is partially eclipsed to the moon for seiveral honis 
longer than the moon is eclipsed to us. 

Thb Tides. 

876. The ebbing and flowing of the sea, which regularly 
takes place twice in 24 hours, are called the tides. The 
cause of the tides, is the attraction of the sun and moon, but 
chiefly of the moon, on the waters of the ocean. In virtue 
of the universal principle of gravitation, heretofore explained, 
the moon, by her attraction, draws, or raises the water to- 
wards her, but because the power of attraction diminishes 
as the squares of the distances increase, the waters, on the 
opposite side of the earth, are not so much attracted as they 
are on the side nearest the moon. This want of attraction, 
together with the greater centrifugal force of the earth on its 
opposite side, produced in consequence of its greater distance 
from the common centre of gravity, between the earth and 
moon» causes the waters to rise on the opposite side, at the 
same time that they are raised by direct attraction on the 
side nearest the moon. 

Thus the waters are constantly elevated on the sides of the 
earth opposite to each other above their common level, and 
consequently depressed at opposite points equally distant from 
these elevations. 

Let m, Rg. 220, be the moon, and E the earth covered with 

Fig. 220. 





water. As the moon passes round the earth, its solid and 
fluid parts are equally attracted by her influence according 
to their densities ; but while the solid parts are at liberty to 
move only as a whole, the water obeys the slightest impulse; 
and .nus tends towards the moon where her attraction is the 
strongest. Consequently, the waters are perpetually ele- 
vated immediately under the moon. If, therefore, the earth 
stood still, the influence of the moon's attraction would raise 
the tides only as she p assed round the earth. But as the 

What are the tides 1 What is the cause of the tides 7 What 
the tide to rise on the side of the earth opposite to the moon 1 
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Mith turns on lier axis every 24 hours, and as the iraleni 
nearest the moon, as at a, are constantly elevated, they wil«, 
in the course of 24 hours, move round the whole «arth, and 
consequently from this cause there will he hign water at 
every place once in 24 hours. As the elevation o{the wa- 
ters under the moon causes their depression at 90 degrees 
distance on the opposite sides of the earth, d and c, the point 
c will come to the same place, hy the earth's diurnal revolu 
£ion, six hours after the point a, hecause c is one quarter of 
the circumference of the earth from the point a, and there- 
fore there will be low water at any given place six hours 
after it was high water at that place. But while it is high 
water under the moon, in consequence of her direct attrac- 
tion, it is also high water on the opposite side of the earth 
in consequence of her diminished attraction, and the earth's 
centrifugal motion, and therefore it will be high water from 
this cause twelve hours after it was high water from the 
former cause, and six hours after it was low water from both 
causes. 

Thus, when it is high water at a and b, it is low water at 
c and dy and as the earth revolves once in 24 hours, there 
will be an alternate ebbing and flowing of the tide, at every 
place, once in six hours. 

But while the earth turns on her a.xis, the moon advances 
in her orbit, and consequently any given point on the earth 
will not come under the moon on one day so soon as it did 
on the day before. For this reason, high or low water at 
anv place comes about fifly minutes later on one day than it 
dla the day before. • 

Thus far we have considered no other attractive influence 
except that of the moon, as affecting the waters of the ocean. 
But the sun, as already observed, has an effect upon the 
tides, though on account of his great distance, his influence is 
small when compared with that of the moon. 

877. When the sun and moon are in conjunction, as repre- 
sented in fig. 220, which takes place at her change, or when 
they are in opposition, which takes place at full moon, then 
their forces are united, or act on the waters in the same di- 

If the earth stood still, the tides would rise only as the moon passes 
round the earth ; what then causes the tides to rise twice in 24 hours 1 
When it is high water under the moon by her attraction, what is the 
cause of hieh water on the opposite side of'^the earth, at the Mine time 1 
Why are the tides about fifty minutes later every day *» What pro 
duces spring tides 1 Where must the moon be in respect to the sun, to 
produce (^nng tides 1 
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'^ion, and consequently the tides are elevated higbc r than 
Asual, and on this account are called spring tides, 

878. But when the moon is in her quadratures, or quar- 
ters, the attraction of the sun tends to counteract that of ha 
moon, anA although his attraction does not elevate the waters 
and produce tides, his influence diminishes that of the moon, 
and consequently the elevation of the waters- are less when 
the sun and moon are so situated in respect to each other, 
than when they are in conjunction, or opposition. 

Fig. 221. 





This effect is represented by fig. 221, where the elevation 
of the tides at c and d is produced by the causes already ex- 
plained ; but their elevation is not so great as in fig. 220, 
since the influence of the sun acting in the direction a b, 
tends to counteract the moon's attractive influence. These 
small tides are called neap tides, and happen only when the 
moon is in her quadratures. 

The tides are not at their greatest heights at the time 
when the moon is at its meridian, but some time afterwards, 
because the water, having a motion forward, continues to 
advance by its own inertia, some time after the direct influ- 
OTice of the moon has ceased to affect it. 

Latitude and Longitude. 

879. Latitude is the distance from the equator in a direct 
line, north or south, measured in degrees and minutes. The 
number of degrees is 90 north, and as many south, each line 
on which these degrees are reckoned running from the equa- 
tor to the poles. Places at the north of the equator are in 
north latitude, and those south of the equator are in south lati- 
tude. The parallels of latitude are imaginary lines drawn 
parallel *o the equator, either north or south, and hence 
every p? ice situated on the same parallel, is in the same 
latitude^ because every such place must be at the sarae dis- 



What is the occasion of neap tides 1 What is latitude? How many 
d^prees of latitude are there ? How far do the lines of Jatitude extend 
What is meant by north and south latitude? What are the parallels a 
latitude ? 
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h of a degcet! of latitude 



ancc from the equator. The li 
is 60 geographical mites. 

880. Longitudt is the distance measured in degrees and 
minutes, either east ot west, from any given point on the 
squalor, or on any parallel of latitude. Hence the lines, or 
.■neridians of longitude, cross those of latitude at right an- 
g'les. The degrees of longitude are 180 in number, its liues 
extending half a circle to the east, and half a circle to the 
west, from any given meridian, so as to include the whole 
circumference of the earth. A degree of longitude, at the 
equator, is of the same length as a degree of latitude, bui as 
the poles are approached, the degrees of longitude diminish 
in length, because the earth growa smaller in circumference 
&om the equator towards the poles; hence the lines sur- 
rounding jt become fees and less. This will be made obvi- 
ous by flg. 222. 

Let this figure represent the Fig. 9Sa. 

earth, ^ bemg the north pole, N 

8 the south pole, and E W the 
equator. The lines 1 0, 20, 30, 
and so on, arc the parallels of 
latitude, and [he lioes N a S, 
^■6S,.^-:, are meridian lines, ' 
or those of longitude. ^ 

The latitude of any place on 
the globe, is ihe number of de- 
grees between that place and 
the equator, measured on a 
meridian line ; thus, z is in lat. 
40 degrees, because the x g 
part ofthe meridian contains 40 degrees. 

The longitude of a place is the number of degrees it is 
situated east or west from any meridian line; thus, v is 20 
degrees west longitude from i, and x is 20 degrees east lon- 
gitude from ». 

881. As the equator divides the earth into two equal parts, 
or hemispheres, there seems to be a natural reason why (he 
degrees of latitude should be reckoned from this great circle. 
But from east to west there is no natural division of the 
earth, each meridian line being a great circle, dividing the 
earth into two hemispheres, and hence there is no natural 

What id longitude 1 Env mnny degreea oriongilode ore there, e«H 
tsveMI What is the latitude or any plaeel What tsthelongitudaof 
■ fdM«1 Why ars the deersea of luhode reckoned f]niiiidieeqDator1 
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TCttflon why longitude should lie reckoned from one meridian 
any more than another. It has, therefore, heea customary for 
writers and mariners to reckon lonc^tude from the capital of 
their own country, as the English uom London, the French 
from Paris, and the Americans from Washington. But this 
mode, it is apparent, must occasion much confusion, since 
each writer oi a different nation would be obliged to correct 
ihe lon^tude of all other countries, to make it agree with bis 
own. More recently, therefore, the writers of Europe and 
America have selected the royal observatory, at Greenwich, 
near London, as the first meridian, and on most maps and 
charts lately published, lons^itude is reckoned from that place 

882. Haw Latitude is found. — The latitude of any place 
is determined by taking the altitude of the sun at mid-day, 
and then subtracting this from 90 degrees, making proper 
allowances for the sun's place in the heavens, 'the reason 
of this will be understood, when it is considered that the 
whole number of degrees from the zenith to the hoi^zon is 
90, and therefore if we ascertain the sun's distance from the 
horizon, that is, his altitude, by allowing for the sun's de- 
clination north or south of the equator, and substracting this 
from the whole number, the latitude of the place will be 
found. Thus, suppose that on the 20th of March, when the 
sun is at the equator, his altitude from any place north of the 
equator should be found to be 48 degrees above the horizon ; 
this, substracted from 90, the whole number of the degrees of 
latitude, leaves 42, which will be the latitude of the place 
where the observation was made. 

883. If the sun, at the time of observation, has a declina- 
tion north or south of the equator, this declination must be 
added to, or substracted from, the meridian altitude, as the case 
may be. For instance, another observation being taken at 
the place where the latitude was found to be 42, when the 
sun had a declination of 8 degrees north, then his "altitude 
would be 8 degrees greater than before, and therefore 56, 
instead of 48. Now, substracting this 8, the sun's declina- 
tion, from 56, and the remainder from 90, and the latitude of 

What iq said concerning the places from which the degrees of ]ongi> 
tude have been reckoned 1 What is the inconvenience of estimating 
longitude from a place in each country 7 From what place is longitude 
reckoned in Europe and America 1 How is the latitude of a place de- 
termined 1 Give an example of the method of finding the latitude of the 
same place at different seasons of the year. When must the sun's de- 
clination from the equator be added to, and when substracted from, hit 
meridian altitude^ 
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the place will be found 42, as before. If the sun's declina- 
tion be south of the equator, and the latitude of the place 
north, his declination must be added to the meridian altitude 
instead of being substracted from it The same result may 
be obtained by taking the meridian altitude of any of the fixed 
4tars, whose dfeclinations are known, instead of the sun's, and 
proceeding as above directed. 

884. How Longitude Ufov-nd. — There is more difficulty 
m ascertaining the degrees of longitude, than those of latitude, 
because, as above stated, there is no fixed point, like that of 
the equator, from which its degrees are reckoned. The de- 
grees of longitude are therefore estimated from Greenwich, 
and are ascertained by the following methods : — 

885. When the sun comes to the meridian of any place, it 
18 noon, or 12 o'clock, at that place, and therefore, since the 
equator is divided into 360 equal parts, or degrees, and since 
the earth turns on its axis once in 24 hours, 15 degrees of 
the equator will correspond with one hour of time, for 360 
degrees being divided by 24 hours, will give 15. The 
earth, therefore, moves in her daily revolution, at the rate 
of 15 degrees for every hour of time. Now, as the appa- 
rent course of the sun is from east to west, it is obvious that 
he will come to any meridian lying east of a given place, 
sooner than to one lying west of that place, and therefore it 
will be 12 o'clock to the east of anyplace, sooner than at 
that place, or to the west of it. When, therefore, it is noon 
at any one place, it will be 1 o'clock at all places 15 degrees 
to the east of it, because the sun was at the meridian of such 
places an hour before ; and so, on the contrary, it will be 
eleven o'clock, fifteen degrees west of the same place, be- 
cause the sun has still an hour to travel before he reaches the 
meridian of that place. It makes no difference, then, where 
the observer is placed, since, if it is 12 o'clock where he is, it 
will be 1 o'clock 15 degrees to the east of him, and 11 
o'clock 15 degrees to the west of him, and so in this propor- 
tion, let the time be more or less. Now, if any celestial phe- 
nomenon should happen, such as an eclipse of the moon, or 
of Jupiter's satellites, the difference of longitude between 
two places wh&re it is observed, may be determined by the 

Why is there more difficulty in ascertaining the degrees of loneitude 
than or latitude % How many degrees of longitude does the surrace of 
the earth pass through in an hourl Suppose it is noon at any given 
place, what o'clock will it be 15 degrees to the east of that place 1 Ex 
oluin the reason. How may longitude be determined by an eclipse? 
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difierence of the times at which it appeared to taKe place. 
Thus, if the moon enters the earth's shadow at 6 o'clock in 
the evening, as seen at Philadelphia, and at half past 6 
o'clock at another place, then this place is half an hour, oi 
7jt degrees, to the east of Philadelphia, because 7^ degrees 
of longitude are equal to half an hour of time. To appljr 
these observations practically, it is only necessary that it 
should be known exactly at what time the eclipse takes place 
at a given point on the earth. 

886. Longitude is also ascertained by means of a chro- 
nometer, or true time piece, adj\^ed to any given meridian; 
for if the difference between two clocks, situated east and 
west of each other, and going exactly at the same rate, can 
be known at the same time, then the distance between the 
two meridians, where the clocks are placed will be known, 
and the difference of longitude may be found. 

Suppose two chronometers, which are known to go at ex- 
actly the same rate, are made to indicate 12 o'clock by the 
meridian line of Greenwich, and the one be taken to sea, 
while the other remains at Greenwich. Then suppose the 
captain, who takes his chronometer to sea, has occasion to 
know his longitude. In the first place, he ascertains, by an 
observation of the sun, when it is 12 o'clock at the place 
where he is, and then by his timepiece, when it is 12 o'clock 
at Greenwich, and by allowing 15 degrees for every hour 
of the difference in time, he will know his precise longitude 
in any part of the world. For example, suppose the cap- 
tain sails with his chronometer for America, and after being 
several weeks at sea, finds by observation that it is 12 o'clock 
by the sun, and at the same time finds by his chronometer, 
tnat it is 4 o'clock at Greenwich. Then because it is noon 
at his place of observation after it is noon at Greenwich, he 
knows that his longitude is west from Greenwich, and by al- 
lowing 15 degrees for every hour of the difference, his lon- 
gitude is ascertained. Thus, 15 degrees, multiplied by 4 
hours, give 60 degrees of west longitude from Greenwich. 
If it is noon at the place of observation, before it is noon at 
Greenwich, then the captain knows that his longitude is east, 
and his true place is found in the same manner. 

Explain the principles on which longitude is determined by the chro- 
nometer. Suppose the captain finds by his chronometer that it ia 19 
o'clock, where he is, six hours later than at Greenwich, what then 
would be his longitude 1 Suppose he finds it to be 12 o'clock 4 houn 
earlier, where he is, than at Greenwich^ what then would be his loo- 
intodel 
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Fixed Stars. 

SS7. The stars are called fixed, because they have h^^tt 
observed not to change their places with respect to each 
other. Thej' may be distinguished by the nakf-d eye from 
»he planets of our system by their scintillations, or twinkling. 
The stars are divided into classes, according to their magni- 
tudes, and are called stars of the first, second, anl s^^i c^ *. • 
the sixth magnitude. About 2000 stars may b»^ sv»n w.'Al 
the naked eye in the whole vault of the heavvr.?. '.h': :rh 
only about 1000 are above the horizon at the s-.ni** trr.- Uf 
these, about 17 are of the first maqTiitudo. .50 of the ii niij- 
nitude, and 150 of the 3d maqnitnde. The others arr :f tr.e 
4th, 5th, and 6th magnitudes, the las: of whirfi ar»: \\.«: 
smallest that can be distinguished with the nake«J •%•♦.'. 

888. It might seem incredible, thai en a ^l-ir uirr.: rT.\y 
about 1000 stars are visible, when on a singk* q-lir..-: r-*. ::.•; 
different parts of the firmament, their numbers ar7*.'ir -.r-r.:- 
merable. But this deception arises from the c:.r.:'jf»-i -ir.i 
hasty manner in which tney are viewed, for if -.ve - -k **.-3- 
dilyon a particular portion of sky, and ccun: the stars :: re- 
tained within certain limits, we sha'u b^ surpris-d :: f.T,i 
their number so few. 

889. As we have incomparably more light f::T. :.'.•? ::.--.•: 
than from all the stars tosfether, it is absuri :o sir:- ?• ''■'' 
they were made for no other purpose than :o rasi *: :'-:r-: * 
glimmering on our earth, and especially as a rreit : -- ;•- -- 
tion of them are invisible to o»jr naked eys. T:. . :.• i>r. 
fixed stars to our system, from the most accurv.- -^ •*.:'.;:- -.'■.. - 
cal calculations, cannot be nearer than •2'''/.f>*» • .' ; 

or 20 trillions of miles from the e.Trth. a disvir.:- *--. .t.t.- :.— 
that light cannot pass through it in less '.hjis •.':.'•:- y^-.r* 
Hence, were these stars annihilated at :he ores^rf.: : r:.- •.:.- r 
light would continue to flow towards us. and they r:".-^ : s-- 
pear to be in the same situation to us. three j^fz^zi r^er.'.- *.:.:: 
they do now. 

890. Our sun, seen from the distance of the near**: f.j*^ 
stars, would appear no larger than a star c: the firr. ::.ir: - 



Why are the stars called fjied 1 How raiy tbe cars 'z^ t «-..- t. • *< 
from the planets ? The stars are divided into c'asK-s i-i^-c-r t : * • • • 
magnitudes; how many classes ar» i-h^re ? H''*" r-i.'.- r.:- - : -. ■.-. 
seen with the naked eye, in the ^hol* frmamer.: ' "W"-.t i .-i ••.-•• -- 
pear to be more stars than there lealiy art "^ W:.v. .«••->» v.-.- :••.■,-: :.«- 
tanceof the nearest fixed stars from tb': •rirr. "r H-.w .-.•- r ■» . - - 
take light to reach us from the fzed stars '; H.'w Isxf* w:i-«»c 'jcr sur 
appear at the distance of the fi«ed r^ars 1 
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tudo does to us. These stars appear no larger to ns, wben 
the earth is io that part of her orbit nearest to them* than 
they do, when she is in the opposite part of her orbit ; and as 
our distance from the sun is 95,000,000 of miles, we most 
be twice this distance, or the whole diameter of the earth's 
orbit, nearer a given fixed star at one period of the year 
than at another. The difference, therefore, of 190,000,000 
of miles, bears so small a proportion to the whole distance be- 
tween us and the fixed stars, as to make no appreciable dif- 
ference in their sizes, even when assisted by the most power- 
ful telescopes. 

89 1 . The amazing distances of the fixed stars may also be 
inferred from the return of comets to our system, after an ab- 
sence of several hundred years. 

The velocity with which some of these bodies move, when 
nearest the sun, has been computed at nearly a million of 
miles in an hour, and although their velocities must be per- 
petually retarded, as they recede from the sun, still, in 250 
years of time, they must move through a space which to us 
would be infinite. The periodical return of one comet is 
known to be upwards of 500 years, making more than 250 
years in performing its journey to the most remote part of 
Us orbit, and as many in returning back to our system ; and 
that it must still always be nearer our system than the fixed 
stars, is proved by its return; for by the laws of gravitation, 
did it approach nearer another system it would never again 
return to ours. 

From such proofs of the vast distances of the fixed stars, 
there can be no doubt that they shine with their own light, 
like our sun, and hence the conclusion that they are suns ti 
other worlds, which move around them, as the planets do 
around our sun. Their distances will, however, prevent our 
ever knowing, except by conjecture, whether this is the case 
or not, since, were they millions of times nearer us than they 
are, we should not be able to discover the reflected light of 
their planets. 

Comets. 

892. Besides the planets, which move round the sun in 
regular order and in nearly circular orbits, there belongs to 

What is said concerning the difference of the distance between the 
earth and the fixed stars at different seasons of the year, and of their 
different appearance in consequence'? How may the distances of the 
fixed stars be inferred, by the long absence and return of comets 1 Op 
what grounds is it supposed that the fixed stars are suns to other woridsl 
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the aolsr s^em an unknown nnmber of bodiee tailed 
Cometi, which tnirra roand the suo in orbita exceedingly ec- 
^pentric, or elliptical, and whose appearance among' oar 
heavenly bodiea is only occaaional. Cometa, to the naked 
eye, have no visible disc, but shine witb a ^nt, glimmering 
light, and are accompanied by a train oi tail, turned from 
the sun, and which is sometimes of immense length. They 
appear in every region of the heavens, and move in every 
possible direction. 

In the days of ignoiance and superstition, comets were 
considered the harbingers of ivar, pestilence, or some other 
great or general evil ; and it was not until astronomy had 
made considerable progress as a science, that these stran- 
ffers could be seen among our planets without the expecta- 
tion of some direful event. 

893. It had been supposed that comets moved in straight 
lines, coming from the regions of indnite, or unknown sfxice, 
and merely passing by our system, on their way to regions 
equally unknown ana infinite, and from which they never 
returned. Sir Isaac Nenion was the first tO' demonstrate . 
that the comets pass round the sun, like the planets, -Vit.ttiat 
their orbits are exceedingly elliptical, and extend out toft 
vast distance beyond the solar system, 

894. The number of comets is unknown, though some as- 
tronomers suppose thai there are nearly 500 belonging to 
onr system. Ferguson, who wrote in about 1760, sup- 
posed that there were less than 30 comets which made us 
occasional visits ; but since that period the elements of the 
orbits of nearly 100 of these bodies have been computed. 

Of these, however, there are only three whose periods of 
return among us are known with any degree of certainty. 

The first of these has a peri- Fie. 523. 

odofTS years; thesecond a 
period of I29years; and the] 
third a period of 575 years. 
Thethirdappearedin 1660, 
and therefore cannot be ex- 
pected again until the year 
2225. This comet, fig.| 
223, in 1680, excited the 

What number of comets are snppoaed to b^ng Xo onr lyslom 1 How 
mnnj have had the elemenlG of their orbits eUimoted by aMronomen 1 
How many are there wfaoaa periodB of return ar« known 1 What i« 
■aid of the comet of 1690 1 
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most intense interest among the astronomers of Europe, on 
account of its ffreat apparent size and near approach to our 
system. In Uie most remote part of its orbit, its dis- 
tance from the sun was estimated at about eleven thou- 
sand two hundred millions of miles. At its nearest ap* 
proach to the sun, which was only about 50,000 miles, its 
velocity, according to Sir Isaac. Newton, was 880,000 miles 
in an hour ; and supposing it to have retained the sun's neat, 
like other solid bodies, its temperature must have been about 
2000 times that of red hot iron. The tail of this comet was 
at least 100 millions of miles long. 

895. In the Edinburg^h Encyclopedia, article Astronomy^ 
there is the most complete table of comets yet published. 
This table contains the elements of 97 comets, calculated by 
difierent astronomers, down to the year 1808. 

From this table it appears that 24 comets have passed be- 
tween the sun and the orbit of Mercury ; 33 between the 
orbits of Venus and the Earth ; 15 between the orbits of the 
Earth and Mars ; 3 between the orbits of Mars and Ceres ; 
and 1 between the orbits of Ceres and Jupiter. It also ap 
pears by this table that 49 comets have moved round the 
sun from west to east, and 48 from east to west. 

896. Of the nature of these wandering planets very little is 
known. When examined by a telescope, they appear like a 
mass of vapours surrounding a dark nucleus. When the 
comet is at its perihelion, or nearest the sun, its colour seems 
to be heightened by the intense light or heat of that luminary, 
and it thea oflen shines with more brilliancy than the planets. 
At this time the tail or train, which is always directly oppo- 
site to the sun, appears at its greatest length, but is com- 
monly so transparent as to permit the fixed stars to be seen 
through it. A variety of opinions have been advanced by 
astronomers concerning the nature and causes of these 
trains. Newton supposed that they were thin vapour, made 
to ascend by the sun's heat, as the smoke of a nre ascends 
from the earth ; while Kepler maintained that it was the 
atmosphere of the comet driven behind it by the impulse of 
the sun's rays. Others suppose that this appearance arises 
from streams of electric matter passing away from the 
comet, &c 

ELECTRICITY. 

897. The science of Electricity/, which now ranks as an 
important branch of Natural Philosophy, is wholly of mo- 
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dera date. The ancients were acquainted with a few de- 
tached facts dependent on the agency of electrical influence, 
but they never imagined that it was extensively concerned 
in the operations of nature, or that it pervaded material sub- 
stances generally. The term electricity is derived from elec- 
iron, the Greek name of amber, because it was known to the 
ancients, that when that substance was rubbed or excited, it 
attracted or repelled small light bodies, and it was then un- 
known that other substances when excited would do thesame. 

898. When a piece of glass, sealing wax, or amber, is 
rubbed with a dry hand, and held towards small and light 
bodies, such a5 threads, hairs, feathers, or straws, these bo- 
dies will fly to.,'urds the surface thus rubbed, and adhere to 
it for a short time. The influence by which these small sub* 
stances are drawn, is called electrical attraction ; the sur- 
£eice having this attractive power is said to be excited ; and 
the substances susceptible of this excitation, are called elec' 
tries. Substances not having this attractive power when 
rubbed, are called non-electrics. 

899. The principal electrics are amber, rosin, sulphur, 
glass, the precious stones, sealing wax, and the fur of quad- 
rupeds. But the metals, and many other bodies, may be ex- 
cited when insulated and treated in a certain manner. 

After the light substances which had been attracted by the 
excited surface, have remained in .ontact with it a short 
time, the force which brought aetn together ceases to act, or 
acts in a contrary dire^'iwn, and the light bodies are repelled, 
or thrown away from the excited sur&ce. Two bodies, also, 
which have been in contact with the excited sur&ce, mutually 
repel each other. 

900. Various modes have been devised for exhibiting dis 
dnctly the attractive and repulsive agencies of electricity, and 
for obtaining indications of its presence, when it exists only 
in a feeble degree. Instruments for this purpose are termed 
Electroscopes, 

901. One of the simplest instruments of this kind consists 
of a metallic needle, terminated at each end by a light pith 
ball, which is covered with gold leaf, and supported hori- 
zontally at its centre by a fine point, fig. 224. When a 
stick of sealing wax, or a glass tube, is excited, and then 

From what is the term electricity derived 1 What is electrical attrac* 
tion 1 What are electrics ? What are non-electrics 1 What are the priiw 
cipal electrics 1 What is meant by electrical repulsion 1 What is an 
electroscope 1 
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Fig. Sa5. 




presented to one of these balls, ^* 

the motion of the needle on its 
piTOt will indicate the electri- 
cal influence. 

902. If an excited substance 
oe brought near a ball made 
of pith, or cork, suspended by a 
silK thread, the ball will, in 
the first place, approach the 
electric, as at a, ng. 225, indi- 
cating an attraction towards it, 
and if the position of the elec- 
tric will allow, the ball will 
come into contact with the 
electric, and adhere to it for a 
short time, and will then recede 
from it, showing that it is re- 
pelled, as at 6. If now the ball which had touched the elec- 
tric, be brought near another ball, which has had no comma- 
nication with an excited substance, these two balls will attract 
each other, and come into contact; after which they will re- 
pel each other, as in the former case. 

903. It appears, therefore, that the excited body, as the 
stick of sealing wax, imparts a portion of its electricity to the 
ball, and that when Ux^^ ^11 is also electrified, a mutual re- 
pulsion then takes place dcl ^'oen them. Afterwards, the 
ball, being electrified by contact with the electric, when 
brought near another ball not electrified, transfers a part of 
its electrical influence to that, after which these two balls re- 
pel each pther, as in the former instance. 

904. Thus, when one substance has a greater or less quan- 
tity of electricity than another, it will attract the other sub- 
stance, and when they are in contact will impart to it a por- 
tion of this superabundance ; but when they are both equally 
electrified, both having more or less than their natural quan- 
tity of electricity, they will repel each other. 

905. To account for these phenomena, two theories have 
been advanced, one by Dr. Franklin, who supposes there is 



When do two electrified bodies attract, and when do they repel each 
other'? How will two bodief» act, one having more, and the other lew. 
than the natural quantity of electricity, when brought near each other 1 
How will they act when both have more or leas than their natural 
quantity? 
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only one electrical fluid, and the other by Du Fay, who sup- 
poses that there are two distinct fluids. 

906. Dr. Franklin supposed that all terrestrial substances 
were pervaded with the electrical fluid, and that by exciting 
an electric, the equilibrium of this fluid was destroyed, so 
that one part of the excited body contained more than its 
natural quantity of electricity, and the other part less. If in 
this state a conductor of electricity, as a piece of metal, be 
brought near the excited part, the accumulated electricity 
would be imparted to it, and then this conductor would re- 
ceive more than its i^ural quantity of the electric fluid 
This he called positive electricity. But if a conductor be 
connected with that part which has less than its ordinary 
share of the fluid, then the conductor parts with a share of 
its own, and therefore will then contain less than its natural 
quantity. This he called negative electricity. When one 
body positively, and another negatively electrified, are con- 
nected by a conducting substance, the fluid rushes from the 
positive to the negative body, and the equilibrium is re- 
stored. Thus, bodies which are said to be positively electri- 
fied, contain more than their natural quantity of electricity, 
while those which are negatively electrified contain less than 
their natural quantity. 

907. The other theory is explained thus. When a piece 
of glass is excited and made to touch a pith ball, as above 
stated, then that ball will attract another ball, after which 
they will mutually repel each other, and the same will hap- 
pen if a piece of sealing wax be used instead of the glass. 
But if a piece of excited glass, and another of wax, be made 
to touch two separate balls, they will attract each other ; that 
is, the ball which received its electricity frbm the wax will 
attract that which received its electricity from the glass, and 
will be attracted by it. Hence Du Fay concludes that elec- 
tricity consists of two distinct fluids, which exist together in 
all bodies — that they have a mutual attraction for each other 
— that they are separated by the excitation of electrics, and 
that when thus separated, and transferred to non-electrics, 
as to the pith balls, their mutual attraction causes the balls 
to rush towards each other. These two principles he called 

Explain Dr. Franklin's theory of electricity. What is meant by 
positive, and what by negative electricity 1 What is the consequence, 
when a positive and a negative body are connected by a conductor 1 
Explain Du Fay's theory. When two balls are electrified, one with 
glass, and the other with wax, will they attract or repel each other 1 

2C* 
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mireous and rennotu electricity. The vitreous being ob- 
tained from glass, and the resinous from wax and other re- 
sinous substances. 

908. Dr. Franklin's theory is by far the most simple, and 
will account for most of {he electrical phenomena equally 
well with tha^ of Du Fay, and therefore has been adopted 
by the most able and recent electricians. 

909. It is found that some i^ubstances conduct the electric 
fluid from a positive to a negative sur&ce with great faciliiv. 
while others conduct it with difficulty, and others not at all. 
Substances of the first kind are call^ conductors, and those 
of the last non-conductors. The elecbics, or such substances 
as, being excited, communicate electricity, are all non-con- 
ductors, while the non-electrics, or such substances as do not 
commuiiicate electricity on being meiely excited, are con- 
ductors. The conductors are the metals, charcoal, water, 
and other fluids, except the oils ; also, smoke, steam, ice, and 
snow. The best conductoni are gold, silver, platina, brass, 
and iron. 

The electrics, or non-conductors, are glass, amber, sulphur, 
resin, wax, silk, most hard stones, and the furs of some ani- 
mals. 

910. A body is said to be insulated, when it is supported 
or surrounded by an electric. Thus, a stool standing on 
glass legs, is insulated, and a plate of metal laid on a plate 
of glass, is insulated. 

911. When large quantities of the electric fluid are want* 
ed for experiment, or for other purposes, it is procured by an 
electrical machine. These machines are of various forms, 
but all consist of an electric substance of considerable di- 
mensions ; the rubber by which this is excited ; the prime 
conductor, on which the electric matter is accumulated; the 
insulator, which prevents the fluid from escaping; and ma- 
chinery, by which the electric is set in motion. 

912. Fig. 226 represents such a machine, of which A is 
the electric, being a cylinder of glass ; B the prime con- 
ductor ; R the rubber or cushion, and C a chain connecting 
the rubber with the ground. The prime conductor is sup 

What are the two electricities called 1 Prom what substances are tb« 
two electricities obtained 1 What are conductors 1 What are non-con- 
ductors 1 What substances are conductors 1 What substances are the 
best conductors 1 What substances are electrics, or non-conductors 1 
When is a body said to be insulated 1 What are the several parts of 
dn electrical machine 1 
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pcuied by a staddard of glass. Sometimes, also, the pillirs 
whichaapport the axia of the cylinder, and that to which the 
cushion is attached, are made of the same material. The 
prime conductor has several wires insetted into its »ide, or 
end, which are pointed, and stand with the points near the 
Cylinder. They receive the electric fluid from the glass, 
and convey it to the conductor. Theconductor is commonly 
made of sheet brass, there being no adrantaffe in having it 
solid, as the electric fluid is always confined entirely to the 
Miifece. Even paper, covered with gold leaf, is as effective 
IB, this respect, as tTiough the whole was of solid gold. The 
ciAhion is attached to a standard, which ia fumtsned with a 
tliumb sorew, so that its pressure on the cylinder can be in- 
creased of diminished. The cushion is made of leather, 
stuffed, and at ita upper edge there is attached a flap of silk, 
F, by which a greater surface of the glass. is covered, and the 
electric fluid thus prevented, in some degree, from escaping. 
The efficacy of the rubber in producing the electric excita- 
tion is much increased by spreading on it a small quantity 
of an amalgam of tin and mercury, mixed with a little lard, 
»r other unctuous substance, 

Whalia [he use of the pointed wires inlho prime conductor 1 How 
VI it accounted for, thnt n merR surface nf metal will contain as much 
electric fluid as though il were solid 1 Whcnapiecoof elasa^ or seoliug 
wax, is excited, b^ rubbing it with the hand, or a piece of (ilk, wltencc 
cornea the decuieilj t 
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913. The manner in which this machine acts, may be in* 
ferred from what has already been said, for when a stick of 
sealing wax, or a glass tube, is rubbed with the hand, or a 
piece of silk, the electric fluid is accumulated on the excited 
substance, and therefore must be transferred from the hand, 
or silk, to the electric. In the same manner, when the 
cylinder is made to revolve, the electric matter, »n conse- 
iquence of the friction, leaves the cushion, and is accumulated 
on the glass cylinder, that is, the cushion becomes nega- 
tively, and the glass positively electrified. The fluid, being 
thus excited, is prevented from escaping by the silk flap, until 
it comes to the vicinity of the metallic points, by which it is 
conveyed to the prime conductor. But if the cushion is in- 
sulated, the quantity of electricity obtained will soon have 
reached its limit, for when its natural quantity has been 
transferred to the glass, no more can be obtained. It is then 
necessary to make the cushion communicate with the ground, 
which is done by laying the chain on the floor, or table, 
when more of the fluid will be accumulated, by further ex- 
citation, the ground being the inexhaustible source of the 
electric fluid. 

914. If a person who is insulated takes the chain in his 
hand, the electric fluid will be drawn from him, along the 
chain, to the cushion, and from the cushion will be transfer- 
red to the prime conductor, and thus the person will become 
negatively electrified. If, then, another person, standing on 
the floor, hold his knuckle near him who is insulated, a 
spark of electric fire will pass between them, with a crack- 
ling noise, and the equilibrium will be restored ; that is, the 
electric fluid will pass from him who stands on the floor, tc 
him who stands on the stool. But if the insulated person 
takes hold of a chain, connected with the prime conductor, 
he may be considered as forming a part of the conductor, and 
therefore the electric fluid will be accumulated all over his 
surface, and he will be positively electrified, or will obtain 
more than his natural quantity of electricity. If now a per- 
son standing on the floor touch this person, he will receives 

When the cushion is insulated, why is there a limited quantity of 
electric matter to be obtained from it t What is then necessary, that 
more electric matter may be obtained from the cushion 1 If an insulated 
person takes the chain, connected with the cushion, in his hand, what 
change will be produced in his naturalquantity of electricity 1 If the 
insulated person takes hold of the chain connected with the prime con- 
duA.or, and the machine be worked, what then will be the change pro- 
duced in his electrical state 1 
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tof flioetrieal fire from him, and thie equilibrium will 
agftin be reitored. 

915. If two persons stand on two insulated stools, or if 
Aey botk. stand on a plate of glass, or a cake of wax, the 
one person being connected by the chain with the prime con- 
doctor, and the other with the cushion, then, after working 
the macbme, if they touch each other, a much stronger 
shock will be felt than in either of the other cases, because 
the diileren^e between their electrical states will be greater, 
the one ^aving more and the other less than his natural 
quantity ' ! dectricity. But if the two insulated persons both 
take hold of the chain connected with the prime conductor, 
or with that connected with the cushion, no spark will pass 
between them, on touching each other, because they will 
then both be in the same electrical state. 

.916. We have seen, fig. 224, that the pith ball is first at- 
tracted and then repelled, by the excited electric, and that the 
ball so repelled will attract, or be attracted by other sub- 
stances in its vicinity, in consequence of having received 
from the excited body more than its ordinary quantity of 
electrieity. 

These alternate movements are amus- Fig.SS?.*! 
ingly exhibited, by placing some small Q 

light bodies, such as the figures of men 
aSd women, made of pith, or paper, be- 
tween two metallic plates, the one placed 
cret the other, as in hg, 227, the upper 

Slate communicating with the prime con- 
actor, and the other with the ground. 
When the electricity is communicated 
to the upper plate, the little figures, 
being attracted by the electricity, will 
jump up and strike their heads against 
It, and having received a portion of the 
fluid, are instantly repell^, and again 
attracted by the lower plate, to which 
they impart their electricity, and then are again attracted, 
and so fetch and carry the electric fluid from one to the 
at]ier, as long as the upper plate contains more than the 

If two insulated persons take hold >f the two chains, one connected 
with the prime conductor, and the other with the cushion, what changes 
will be produced 1 If they both take hold of the same chain, what wU 
be the effect 1 Explain the reasoii why the little images dance between 
the two sntallic plates, fig. 227. 
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lower one. In the 8ame manner, a tumbler, if electrified oa 
Iho inside, and placed over light substances, as pith balls, wil 
cause them to dance for a considerable time. 

917. This alternate attraction and repulsion, by moveable 
conductors, is idso pleasingly illustrated with a ball, suspend 
ed by a silk string between two bells of brass, fig. 228, one 
of the bells being electrified, and the Fig. 298. 

other communicating with the ground. 
The alternate attraction and repul- 
sion, moves the ball from one bell to — 
the other, and thus produces a con- 
tinual ringing. In all these cases, 
the phenomena wil] be the same, 
whether the electricity be positive 
or negative; for two bodies, being 
both positively or negatively electri- 
fied, repel each other, but if one be 
electrified positively, and the other 
negatively, or not at all, they attract 
each other. 

Thus, a small figure, in the human shape, with the hea^ 
covered with hair, when electrified, either positively or ne- 
gatively, will exhibit an appearance of the utmost terror, 
each hair standing erect, and diverging from the other, in 
consequence of mutual repulsion. A person standing on ao 
insulated stool, and highly electrified, will exhibit the same 
appearance. In cold, dry weather, the friction produced 
by combing a person's hair, will cause a less degree of the 
same effect. In either case, the hair will collapse, or shrink 
to its natural state, on carrying a needle near it, because thit 
conducts away the electric fiuid. Instruments designed to 
measure the intensity of electric action, are called electro- 
meters. 

918. Such an instrument is represented by Rg. 229. Il 
consists .of a slender rod of light wood, a^ terminated by a 
pith ball,. which serves as an index. This is suspended at 
the upper part of the wooden stem b, so as to play easily 
backwards and forwards. The ivory semicircle c, is affixed 
to the stem, having its centre coinciding with the axis of mo 

Explain fig. 228. Does it make any difference in respect to the mo- 
tion of the images, or of the ball between the bells, whether the electri> 
city be positive or negative 1 When a person is highly electrified, whj 
does he exhibit an appearance of the utmost terror 1 What is an e)«o 
trometerl 
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tkm of the rod, so as to measure the angle of 
deiviation from the perpendicular, which the 
repulsion of the ball from the stem produces 
m the index. 

When this instrument is used, the lower 
^ end of the stem is set into an aperture in the 



Pig. 229. 



I: 



\ 




prime conductor, and the intensity of the elec- 
tric action is indicated by the number of de- 
^ees the index is repelled from the perpen- 
dicular. 

The passage of the electric fluid through 
a perfect conductor is never attended with 
light, or the cracklinsf noise, which is heard 
when it is transmitted through the air, or along the surface 
of an electric. 

919. Several curious experiments illustrate this principle 
fi>r if fragments of tin foil, or other metal, be pasted on a 
piece of glass, so near each other that the electric fluid can 
pass between them, the whole line thus formed with the 
pieces of metal, will be illuminated by the passage of the 
electricity from one to the other. 

Pig. 230. 




920. In this manner, figures or words may be formed, as 
in fig. 230, which, by connecting one of its ends with the 
prime conductor, and the other with the ground, will, when 
the electric fluid is passed through the whole, in the dark, 
appear one continuous and vivid line of fire. 

921. Electrical light seems not to difl*er, in any respect, 
from the light of the sun, or of a burning lamp. Dr. Wol- 
laston observed, that when this light was seen through a 
prism, the ordinary colours arising from the decomposition 
of light were obvious. 

Describe that represented in fig. 229, together with the mode of using 
U When the electric fluid passes alons a perfect conductor, is it at- 
tended with light and noise, or noti When it passes iJong an electric, 
c^ through the air, what phenomena docs it exhibit 1 DeiKribe the ex- 
periment, fig. 330, intended to iU|Mrate this principle. W]iat is the 
sppearanoe of electrical light throogh a prism f 
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^22. Tne brilliancy of electrical sparks is proportional to 
the conducting power of the bodies between which it passes. 
When an imperfect conductor, such as a piece of wood, u 
employed, the electric light appears in fiunt, red streams, 
while, if passed between two pomted metals, its colour is of 
a more brilliant red. Its colour also differs, according to 
the kind of substance from, or to which, it passes, or it is de- 
pendant on peculiar circumstances. Thus, if the electric 
fluid passes between two polished metallic sur£[ices, its colour 
is nearly white ; but if tne spark is received by the finger 
from such a surface, it will be violet The sparks are green, 
when taken by the finger from a surface of silvered leather: 
yellow, when taken from finely powdered charcoal ; and 
purple, when taken from the greater number of imperfect 
conductors. 

923. When the electric fluid is discharged from a point, 
it is always accompanied by a current of air, whether the 
electricity be positive or negative. The reason of this w^ 
pears to be, that the instant a particle of air becomes electri- 
fied, it repels, and is repelled, by the point from which it re- 
ceived the electricity. 

924. Several curious little experiments are made on this 
principle. Thus, let two cross wires, as in ^g. 231, be sus- 
pended on a pivot, each having its point Fig. 231. 
bent in a contrary direction, and electri- 
fied by being placed on the prime con- 
ductor of a machine. These points, so 
long as the machine is in action, will give 
off streams of electricity, and as the parti- 
cles of air repel the points by which they 
are electrified, the little machine will turn 
round rapidly, in the direction contrary to 
that of the stream of electricity. Perhaps, also, the reaction 
of the atmosphere against the current of air given off" by the 
points, assists in giving it motion. 

925. When one part or side of an electric is positively, the 
other part or side is negatively electrified. Thus, if a plate 
of glass be positively electrified on one side, it will be nega- 
tively electrified on the other, and if the inside of a glass ves- 
sel be positive, the outside will be negative. 

What is said concerning the difTerent colours of electrical light, when 
passing between surfaces of different kinds'? Describe fig. 231, and 
explain the principle on which its mc^n depends. Suppose one part 
or side of an electric is positive, what will be the electricfii state ottki 
other side or parti 
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926. Advantage of this circumstance is taken, in the con* 
dtnictia;; of electrical jars, called, from the place where they 
were first made, Leyden vicUs. 

The most common form of this jar is repre- 
sented hy fig. 232. It consists of a glass ves- 
sel, coated on both sides, up to a, with tin foil; 
the upper part being left naked, so as to pre- 
vent a spontaneous discharge, or the passage 
of the electric fiuid from one coating to the 
other. A metallic rod, rising two or three 
inches above the jar, and terminating at the 
top with a brass ball, which is called the 
knob of the jar, is made to descend through 
the cover, till it touches the interior coating. 
It is along this rod that the charge of elec- 
tricity is conveyed to the inner coating, while 
the outer coating is made to communicate with the ground. 

927. When a chain is passed from the prime conductor of 
an electrical machine to this rod, the electricity is accumu- 
latt^ on the tin foil coating, while the glass above the tin 
foil prevents its escape, and thus the jar becomes charged. 
By connecting together a sufficient number of these jars, any 
quantity of the electric fluid may be accumulated. For this 
purpose, all the interior coatings of the jars are made lo 
communicate with each other, by metallic rods passing be- 
tween them, and finally terminating in a single rod. A 
similar union is also established, by connecting the external 
coats with each other. When thus arranged, the whole se- 
ries may be charged, as if they formed but one jar, and the 
whole series may be discharged at the same instant. Such 
a combination of jars is termed an electrical battery. 

928. For the purpose of making a direct communication 
between the inner and outer coating of a single jar, or bat- 
tery, by which a discharge is effected, an instrument called 
a discharging rod is employed. It consists of two bent 
metallic rods, terminated at one end by brass balls, and at the 
other end connected by a joint. This joint is fixed to the end 
of a glass handle, and the rods being moveable at the joint, 
the balls can be separated, or brought near each other, as 

What part of the electrical apparatus is constructed on this principle 1 
How is the Leyden vial constructed 1 Why is not the whole surface of 
the vial covered with the tin foil 1 How is the Leyden vial charg:ed ^ 
In what manner may a number of these vials be charged 1 What is an 
rJectrical battery 1 

27 
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occasion requires. When openal to a proper distance, one 
ball is made to touch the tin foil on the outside of the jar, and 
then the other is brought in Fig. 333. 

contact with the knob of the jar, -*^-^ ^ 

as seen in fig. 233. In this 
manner a discharge is effected, 
or an equilibrium produced be- 
tween the positive and negative 
sides of the jar. 

When it is desired to pass 
the charge through any sub- 
stance for experiment, then an 
electrical circuit must be estab- 
lish*^, of which the substance to be experimented on musi 
form a part. That is, the substance must be placed between 
the ends of two metallic conductors, one of which communi- 
cates with the positive, and the other with the negative side 
of the jar, or battery. 

929. When a person takes the electrical shock in the 
usual manner, he merely takes hold of the chain connected 
with the outside coating, and the battery being charged, 
touches the knob with his finger, or with a metallic rod. 
On making this circuit, the fluid passes through the person 
from the positive to the negative side. 

930. Any number of persons may receive the electrical 
shock, by taking hold of each other's hands, the first person 
touching the knob, while the last takes hold of a cham con- 
nected with the external coating. In this manner, hundreds, 
or perhaps thousands of persons, will feel the shock at the 
same instant, there being no perceptible interval in the time 
when the first and the last person in the circle feels the 
sensation excited by the passage of the electric fluid. 

931. The atmosphere always contains more or less elec- 
tricity, which is sometimes positive, and at others negative. 
It is, however, most commonly positive, and always so when 
the sky is clear, or free from clouds or fogs. It Is always 
stronger in winter than in summer, and during the day than 
during the night. It is also stronger at some hours of the 

Explain the design of fig. ^3 and show how an equilibrium is pro* 
ducea by the discharffing rod. When it is desired to pass the electrical 
fluid through any substance, where must it be placed in respect to the 
two sides of the battery 1 Suppose the battery is charged, what must a 
person do to take the shock 1 What circumstance is related, which 
sjiows the surprising velocity with which electricity i^ transmitted t 
Is the eJectricity of the atmosphere positive or negative 1 
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day than ai. others ; being strongest about 9 o'clock in the 
morning, and weakest about the middle of the afternoon. 
These difierent electrical states are ascertained by means of 
long metallic wires extending from one building to another, 
and connected with electrometers. 

932. It was proved by Dr. Franklin, that the electric 
fluid and lightning are the same substance, and this identity 
has been confirmed by subsequent writers on the subject. 

If the properties and phenomena of lightning be com- 
pared with those of electricity, it wiil be found that they dif- 
fer only in respect to degree. Thus, lightning passes in ir- 
regular lines through the air ; the discharge of an elec- 
trical battery has the same appearance. Lightning strikes 
the highest pointed objects — takes in its course the best con- 
ductors — sets fire to non-conductors, or rends them ia pieces 
— and destroys animal life; all of which phenomena are 
caused l)y the electric fluid. 

9'»i. Buildings may be secured from the effects of light- 
ning, by fixing to them a metallic rod, which is elevated 
above any part of the edifice and continued to the moist 
ground, oi to the nearest wjiter. Copper, for this purpose, 
is better ihan iron, not only because it is less liable to rust, 
but because it is a belter conductor of the electric fluid. The 
upper pan of the rod should end in several fine points, 
which must be covered with some metal not liable to rust, 
such as gold, platina, or silver. No protection is afforded 
by the conductor unless it is continued without interruption 
from the top to the dotcom of the building, and it cannot be 
relied on as a protector, unless it reaches the moist earth, or 
ends in water connected with the earth. Conductors of cop- 
per may be thee fourths ot an inch in diameter, but those of 
iron should be at least an men in diameter. In large build- 
ings, complete protection requires many lightning rods, or 
tbat they should be elevated lo a height above the building 
in proportion to the smallness of their numbers, for modern 
experiments have proved that a rod only protects a circle 
around it, the radius of which is equal to twice its length 
above the building. 



At what times does the atmosphere contain most electricity 1 How arc 
the different electrical states of the atmosphere ascertained 1 Who first 
discovered that electricity and lightning are the same 1 What phenomena 
are mentioned which belong in common to electricity and lightning 1 
How may buildings be protected from the effects of lightning 1 Which 
ts the best conductor, iron or copper 1 What circumstances are ner«». 
sary, that the rod may be relied on as a protector % 
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934. Some fishes have the power of giving electrical 
shocks, the effects of which are the same as those obtamed 
by the fnction of an ejectnc. The best known of these are 
ihe TiMrpedOt the Gymnotus eUciricus, and the SUurus dec 
trtcus, 

935. The torpedo, when touched with both hands at the 
same time, the one hand on the under, and the other on the 
upper surfieu:e, will nve a shock like that of the Leyden 
vial ; which shows that the upper and under sur&ces of the 
electric organs are in the positive and negative state, like the 
inner and outer sunaces of the electrical jar. 

936. The gymnotus electricus, or electrical eel, possesses 
all the electrical powers of the torpedo, but in a much higher 
degree. When small fish are placed in the water with this 
animal, they are generally stunned, and sometimes killed, 
by his electrical shock, after which he eats them if hungry. 
The strongest shock of the gymnotas will pass a short dis- 
tance through the air, or across the surface of an electric, 
from one conductor to another, and then there can be per- 
ceived a small but vivid spark of electrical fire ; particularly 
if the experiment be made in the dark. 

MAGNETISM. 

937. The native Magnet, or Loadstone, is an ore of iroD, 
which is found in various parts of the world. Its colour is 
iron black ; its specific gravity from 4 to 5, and it is some- 
times found in crystals. This substance, without any pre- 
paration, attracts iron and steel, and when suspended by a 
string, will turn one of its sides towards the north, and 
another towards the south. 

938. It appears that an examination of the properties of 
this species of iron ore, led to the important discovery of the 
magnetic needle, and subsequently laid the foundation for the 
science of Magnetism ; though at the present day magnets are 
made without this article. 

939. The whole science of magnetism is founded on the 
fact, that pieces of iron or steel, after being treated in a certain 
manner, and then suspended^ will constantly turn one of their 
ends towards the north, and consequently the other towards 

What animals have the power of giving electrical shocks 1 Is this 
electricity supposed to differ from that obtamed by art 7 How must the 
bands be applied, to take the electrical shock of these animals 1 What 
■8 the native magnet, or loadstone 1 What are the properties of tiM 
loadstone ? On what is the whd e subject of magnetism founded 1 
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(he south. The same property has been mnre recently 
proved to belong to the metals nickel and cobalt^ thougn 
with much less intensity. 

940. The poles of a magnet are those parts which possess 
the greatest power, or in which the magnetic virtue seems 
lo be concentrated. One of the poles points north, and the 
other south. The magnetic meridian is a vertical circle 
in the heavens, which intersects the horizon at the points to 
which the magnetic needle, when at rest, directs itself. 

941. The axis of a magnet, is a right line which passes 
from one of its poles to the other. 

942. The equator of a magnet, is a line perpendicalar to 
its axis, and is at the centre between the two poles. 

943. The leading properties of the magnet are the fol- 
lowing. It attracts uon and steel, and when suspended so 
as to move freely, it arranges itself so as to point north and 
south : this is called the polarity oi ihei magnet. When the 
south pole of one magnet is presented to the north pole of 
another, they will attract each other : this is called magnetic 
attraction. But if the two north or two south poles be 
drought together, they will repel each other, and this is 
2alled magnetic repulsion. When a magnet is left to move 
freely, it does not lie in a horizontal direction, but one pole 
inclines downwards, and consequently the other is elevated 
above the line of the horizon. This is called the dippings 
or inclination of the magnetic needle. Any magnet is ca- 
pable of communicating its own properties to iron or steel, 
■ind this, again, will impart its magnetic virtue to another 
piece of steel, and so on indefinitely. 

944. If a piece of iron or steel be brought near one of 
ihe poles of a magnet, they will attract each other, and if 
suffered to come into contact, will adhere so as to require 
force to separate them. This attraction is mutual ; for the 
iron attracts the magnet with the same force that the mag- 
net attracts the iron. This may be proved, by placing the 
iron and magnet on pieces of wood floating on water, when 
ihey will be seen to approach each other mutually. 



What other metals besides iron possess the magnetic property 1 
What are the poles of a maenet ? What is the axis of a magnet 1 What 
is the equator of a magnet f What is meant by the polarity of a mag- 
net 1 When do two magnets attract, and when repel each other 1 
What is understood by the dipping of the maspfietic needle 1 How is it 
Droved that the iron attracts the magnet with the same f'.rce chat the 
magnei attract! tlM iron 1 

27* 
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945. The force of magnetic attraction varies with the dif- 
tance in the same ratio as the force of gpravity ; the attrac^ 
ing force being inversely as the square of the distance be- 
tween the magnet and the iron. 

946. The magnetic for^e is not sensibly affected by the 
interposition of any substance except those containing iron, 
or steel. Thus, if two magnets, or a magnet and piece of 
iron, attract each other with a certain force, this force wiiJ 
be the same, if a plate of glass, wood, or paper, be placed be* 
tween them. Neither will the force be altered, by placing 
the two attracting bodies under water, or in the exhausted 
receiver of an air pump. This proves that the magnetic in- 
fluence passes equally well through air, glass, wood, paper, 
water, and a vacuum. 

947. Heat weakens the attractive power of the magnet, 
and a white heat entirely destroys it. Electricity will change 
the poles of the ma^etic needle, and the explosion of a 
small quantity of gun-powder on one of the poles, will have 
the same efiect 

948. The attractive power of the magnet may be increased 
by permittinor a piece of steel to adhere to it, and then sus- 
pending to the steel a little additional weight every day, for 
It will sustain, to a certain limit, a little more weight on one 
day than it would on the day before. 

949. Small natural magnets will sustain more than large 
ones in proportion to their weight. It is rare to find a na- 
tural magnet, weighing 20 or 30 grains, which will liftmoye 
than thirty or forty times its own weight. But a minute 
piece of natural magnet, worn by Sir Isaac Newton, in a 
ring, which weighed only three grains, is said to have been 
capable of lifting 746 grains, or nearly 250 times its own 
weight. 

950. The magnetic property may be communicated from 
the loadstone, or artificial magnet, in the following manner, 
it being understood, that the north pole of one of the mag- 
nets employed, must always be drawn towards the south pole 
of the new magnet, and that the south pole of the other mag- 
net employed, is to be drawn in the contrary direction. The 

How does the force of magnetic attraction vary with the distance t 
Does the magnetic force vary with the interposition of aay substance 
between the attracting bodies 1 What is the effect of heat on the mag- 
net ? What is the efiect of electricity, or the explosion ofgun-powdcr 
on it 1 How may the power of a magnet be increased 1 What is said 
concerning the comparative powers of great and small magnets 1 
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aonh poles of magnetic bars are usually marked with a line 
across them, so as to distinguish this end from the other. 

951. Place two mag- Pig. 334. 
nctic bars, a and b, ^g. ^ ' ^ 
234, so that the 'north ^ y^» 
end of one may be near- 
est the south end of the 

other, and at such a dis- 1 ^A ^M^^ C-. » 

Unce that the ends of the \ ^ \ } ^ 

steel bar to be touched, ™"""' 
may rest upon them. Having thus arranged them, as 
chown in the figure, take the two magnetic bars, d and «; 
and apply the south end of e, and the north end of d, to the 
middle of the bar c, elevating their ends as seen in the figure. 
Next separate the bars e and dt by drawing them in oppo- 
site directions along the surface of c, still preserving the ele* 
vation of their ends ; then removing the bars d and e to the 
distance of a foot or more from the bar c, bring their north 
and south poles into contact, and then having again placed 
them on the middle of c, draw them in contrary directions, 
as before. The same process must be repeated many times 
on each side of the bar c, when it will be found to have ac 
quired a strong and permanent magnetism. 

952. If a bar of iron be placed, for a long period of time, 
ma north and south direction, or in a perpendicular posi- 
tion, it will often acquire a strong magnetic power. Old 
tongs, pokers, and fire shovels, almost always possess more 
or less magnetic virtue, and the same is found to be the case 
with the iron window bars of ancient houses, whenever they 
have happened to be placed in the direction of the magnetic 
line. 

953. A magnetic needle^ such as is employed in the mari- 
ner's and surveyor's compass, may be made by fixing a 
piece of steel on a board, and then drawing two magnets 
from the centre towards each end, as directed at Rg, 234. 
Some magnetic needles in time lose their virtue, and require 
again to be magnetized. This may be done by placing the 
needle, still suspended on its pivot, between the opposite poles 
of two magnetic bars. While it is receiving the magnet- 
ism, it will be agitated, moving backwards and forwards, as 



Explain fig. 234, and describe the mode of making a magnet. In 
what positions do bars of iron become magnetic spontaneously 1 How 
may a needle bemagnetis^ without removing it from its pivot 1 
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though it were animated, but when it has beeome perfectl) 
magnetized, it will remain quiescent. 

954. The dip^ or inclination of the magnetic needle, is its 
deviation from its horizontal position, as already mentioned. 
A piece of steel, or a needle, which will rest on its centre, 
m a direction p jrallel to the horizon, before it is magnet- 
ized, will afterwards incline one of its ends towards the 
earth. This property of the magnetic needle was discovered 
by a compass maker, who, having finished his needles be- 
fore they were magnetized, found that immediately after- 
wards, their north ends inclined towards the earth, so that 
be was obRged to add small weights to their south poles, in 
order to make them balance, as before. 

955. The dip of the magnetic needle is measured by a 
graduated circle, placed in the vertical position, with the 
needle suspended by its side. Its inclination from a hori- 
lontal line marked across the face of this circle, is the mea- 
sure of its dip. The circle, as usual, is divided into 360 de- 
grees, and these into minutes and seconds. . 

956. The dip of the needle does not vary materially at the 
same place, but diflfers in difierent latitudes, increasing as it 
is carried towards the north, and diminishing as it is carried 
towards the south. At London, the dip for many years has 
varied little from 72 decrees. In the latitude of 80 desrrees 
north, the dip, according to the observations of Capt. Parry, 
was 88 degrees. 

957. Although, in general terms, the magnetic needle is 
said to point north and south, yet this is very seldom strictly 
true, there being a variation in its direction, which differs in 
degree at different times and places. This is called the va- 
riation, or declination, of the magnetic needle. 

958. This variation is determined at sea, by observing 
the different points of the compass at which the sun rises, o" 
sets, and comparing them with the true points of the sun's 
rising or setting, according to astronomical tables. By such 
observations it has been ascertained that the magnetic needle 
is continually declining alternately to the east or west from due 
north, and that this variation differs in different parts of the 

How was the dip of the magnetic needle first discovered ? In what 
inanneris the dip measured'? What circumstance increases or dimi- 
nishes the dip of the needle 1 What is meant by the declination of the 
magnetic needle 1 How is this variation determined 1 What has been 
ascertained concerning the variation of the needle at different timet 
and Di. .ces 1 
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florid at the same time, and at the same piace at difibrenft 
times. 

959. In 1580, the needle at London pointed 11 degrees 
15 minutes east ef north, and in 1657 it pointed duo north 
and south, so that it moved during that time at the mean rate 
of about 9 minutes of a degree in each year, towards the 
aorth. Since 1657, according to observations made in Eng- 
land, it has declined gradually towards the west, so that in 
1803, its variation west of north was 24 degrees. 

960. At Hartford, Connecticut, in latitude about 41, it ap- 
pears from a record of its variations, that since the year 
1824, the magnetic needle has been declining towards the 
west, at the mean rate of 3 minutes of a degree annuallj^i 
and that on the 20th of July, 1829, the variation was 6 de- 
grees 3 minutes west of the true meridian. 

961. The cause of this annual variation has not been 
demonstrated, though according to the experiment of Mr 
Canton, it has been ascertained that there are slight varia- 
tions during the different months of the year, which seem to 
depend on the degrees of heat and cold. 

962. The directive power of the magnet is of vast im- 
portance to the world, since by this power, mariners are 
enabled to conduct their vessels through the widest oceans, 
in any given direction, and by it travellers can find their 
way across deserts which would otherwise be impassable. 



GALVANISM. 

963. The design of this epitome of the principles of Gal- 
vanism, is to prepare the pupil to understand the subject of 
Electro-Magnetism, which, on account of several recent pro 
positions to apply this power to the movement of machinery, 
has become one of the exciting scientific subjects of the day. 

We shall therefore leave the student to learn the history 
and progress of Galvanism from other treatises, and come at 
once to the principles of the science. 

964. When two metals, one of which is more easily ox 
idatcd than the other, are placed in acidulated water, and the 
two metals. are made to touch each other, or a metallic 
communication is made between them, there is excited an 
electrical or galvanic current, which passes from the nietal 
most easily oxidated, through the water, to the other m " 

What conditions are necessary to excite the galvanic action 1. 
which metal does the galvanism proceed 1 




\ 
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and from the other metal through the water aronad to the 
first metal again, and so in a perpetual circuit 

9G5. If ive lake, for example, a slip of zinc, and another 
of copper, and place them in a cup of diluted sulphuric acid, 
fig. '235, their upper ends in contact, and above the water, 



Fig. 335. 




and their k'wer ends separated, then 
there will le constituted a galvanic 
£ire2e, of iho simplest form, consisting 
of three elcmmts, zinc, acid, copper. . 
The gal anic influence being excited B 
by the acid, whl pass from the zinc, Z, V 
the metal most e tsily oxidated, through 5 
the acid, to the copper, C, and from the r 
copper to the zinc again, and so on I 
continually, until.one or the other of the " 
elements is destroyed, or cesses t 

966. The same effect will he produced if instead of allow 
ing the metallic plates to come m contact, a commuDicattan 
between them be made by means of wires, as shown by fig. 
236. In this case, as well ^_^ Pig. 236. ^ 
as in the former, the electri- 
city proceeds from the zinc, 
Z, which is the positive side, 
to the copper, C, being < 
ducted by the wires in 
direction shown by the 

967. The complelicm of 
the circuit by means of wires, 
enables us to make experi- 
ments on different substances 
by passing the galvanic in- 
fluence through them, this being the method employed to 
exhibit the effects of galvanic batteries, and by which the 
most intense heat may be produced. 

CoMPoiTMi Galvanic Circles. 

968. In the above instances we have only illustrations of 
what IS termed a fimpU galvanic circle, the different ele- 
ments being all required to elicit the electrical influence. 
When these elements are repeated, and a series is formed. 

Describe (he circuit 
■lead of allowing iho t< 
vanic circle? 




rom^stm^ of zinc, copper, acid; zinc, copper, acid, there is 
conatituted what is termed a. compound galvanic circle. It 
is by this method that large quantities of electricity are ob- 
turned, end which then becomes a highly important chemical 
n<;ent, and by which experiments of great brilliuicy and in- 
terest are performed. 

969. Tne pUt of Volta was one of the earlieat means by 
which a compound galvanic series was exhibited. Thig 
consisted of a great number of silver or copper coins, and 
thin pieces of rinc of the same dimensions, together with 
circular pieces of card, wet with an acid, piled, one aeries 
above the other, in the manner shown by fig. 237. 

970. The student should be informed that it makes no 
difference what the metals are which form the galvanic 
scries, provided one be more easily oxidated, or dissolved in 
an aci(C than the other, and that the Fig, 23t 

most oxidable one always forms 
the positive side. Thus. Mpper is 
negative when placed with zinc, but 
becomes positive with silver. 

971. The three substances t 
posing the pile, zinc, silver, ivet card,! 
and marked Z, S, W, succeed eachi 
other in the same order throughout * 
the series, and its power is equal to 
a single circle, multiplied by the num- i 
ber of times the aeries is repeated. ^ 

TaoDoH Battery. 

972. The galvanic pile is readily cunstrucled, and an- 
swers for small experiments, but when large quantities of 
electricity are required, other means are resorted to, and 
among these, what is termed the trnugk battery is the most 
convenient and efficacious. 

973. The zinc and copper plates are fastened to a slip of 
mahogany wood, and arc united in pairs by a piece of metal 
soldered to each. Each pair is so placed as to enclose a 
partition of the trough between (hem, each cell containing a 
plate of zinc connected with the copper plate of the succeed- 
ing cell, and a plate of copper joined with the zinc plafe of 
the preceding cell. 

How is the pile.of Volla conairucud 1 Whal gualitie\ ara requiaile 
in the two metals in order to yield (he galvanic influence 1 Deacrib* 
|lie tmugh battery. 
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974. Thiaarraage- 
ineDt will be uader- 
Kood b^ figure 238, 
where the pbieB P 
are connected in the 
order described, and ^ 
belowtbemthetraugh 
T, Co contain the acid 
into which the plates 
are to be planged. 

975. The trough 
IB made or wood, wi th 
partitions of glass, or 
what is better, of 
Wedgewood's ware. 
Each trough contains eight or ten cells, w'nich being filled 
with diluted acid, the plates are suspended and let down into 
ihem by means of a pulley. The advantaj^e of this method 
A, that the plates can be elevated at any moment, and are 
easily kept clean from rust, with out- wbic'n Ihe galvanic ac- 
tion becomes feeble. 

976. A gteal variety of other forms of metallic combina- 
tioQS have been devised to exhibit ihe galvanic action, but the . 
same elements, namely, two, metals and an acid, are required 
in all, nor do the results differ from those above described. 
The several kind; of galvanic machines already described, 
are therefore considered sufficient for the objects of this 
epitome. 

ELECTRO-MAGNETISM. 

977. Long before the discovery of galvanism, it was sus- 
pected by those who had made the subjects of magnetism and 
electricity objects of experiment and research, that there eX' 
isted an afRnitv or connection between them. In the year 
1774, one of the philosophical societies of Germany pro- 
posed as the subject of a prize dissertation, the question. " I> 
there a real and physical analogy between the electric and 
magnetic forces? The question was, however, then, an- 
swered in the negative; but naturalists still appear to have 
kept the same subject in view, and by the observation of 

What aretheBdvanlaeesof ihelvougbljaHtryl 'WTiol is said of tha 
■napicion of analogy between electticity and magnetism before the dis- 
corery of galvanism 1 
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new facts, the existence of such an analogy was from time 
to time affirmed by various philosophers. 

978. The aurora borealis, which has long been supposed 
to be an electrical, phenomenon, was observed to influence 
the magnetic needle; and lightning, well known to be 
nothing more than an electrical movement, was known ia 
many instances to have destroj'ed or reversed the polarity of 
tne compass. 

979. An instance of this kind, which might have led to 
very disastrous consequences, is related of a ship in the 
midst of the Atlantic, which being struck with lightning, 
had the polarity of all her compasses reversed. This being 
unknown, the ship was directed as usual by the compass, 
until the ensuing evening, when the stars showed that her 
direction was in the exact opposite course from what was 
intended, and then it was that the phenomenon in question 
was first suspected. 

9S0. These discoveries of course led philosophers to try 
the effects of powerful electrical batteries on pieces of steel, 
and although polarity was often induced in this manner, yet 
the results were far from being uniform, and the experi- 
ments on this subject seem in a measure to have ceased, 
when the discovery of the galvanic influence opened a new 
field of inquiry, and gave such an impulse to the labours, 
investigations, and experiments of philosophers throughout 
Europe, as perhaps no other subject had ever done. 

981. It was, however, more than twenty years from the 
time of Galvani's discovery, before the science of Electro- 
Magnetism was developed, the first having taken place in 
1791, while the experiments of M. Oersted, the real disco- 
verer of Electro-Magnetism, were made in 1819 

982. M. Oersted was Professor of Natural Philosophy^ 
and Secretary to the Royal Society of Copenhagen. His 
experiments, and others on the subject in question, are de- 
tailed at considerable length, and illustrated by many draw- 
ings, but we shall here only give such an abstract as to make 
the subject clearly understood. 

983. The two poles of the battery, fig. 255, are connected 
by means of a copper wire of a yard or two in length, the 
two parts being supported on a table in a north and south 
direction, for some of the experiments, but in. others the di- 

Is there any connection between the aurora bor^is and the magnetifi 
needle? What is said to have been the effect* of lijghtning on tbs 
compasses of a ship at sea 1 What is the unitin^^ wireT 

2» 
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rection moflt be changed, as will be seen. This wire, it wiU 
be remembered, is called the uniting wire. 

984. Being thus prepared, and the galvanic battery in 
action, take a magnetic needle six or eight inches long, pro- 
perly balanced on its pivot, and having detached the wire 
from one of the poles, place the magnetic needle under the 
wire, but parallel with it, and having waited a moment foi 
the vibrations to cease, attach the uniting wire to the pole. 
The instant this is done, and the galvanic circuit completed, 
the needle will deviate from its north and south position, 
turning towards the east or west, according to the direction 
in which the galvanic current flows. If the current flows 
from the north, or the end of the wire along which it passes 
to the south is connected with the positive side of the battery, 
then the north pole of the needle will turn towards the east ; 
but if the direction of the current is changed, the same pole 
will turn in the opposite direction. 

985. If the uniting wire is glaced under the needle, in- 
stead of over it, as in the above experiment, the contrary ef 
feet will be produced, and the north pole will deviate to- 
wards the west. 

986. These deviations will be understood by the follow- 
mg figures. In fig. 239, N presents the north, and S the 
south pole of the magnetic nee- Fijg. 239. 

die, and p the positive and n the P — > tt 

negative ends of the uniting ^^ ^ " 

wire. The galvanic current, 
therefore, flows from p towards k f 
n, or, the wire being parallel '** 
with the needle, from the north 
towards the south, as shown by 
thcT direction of the arrow in the 

figure. 

Now the uniting wire being above the needle, the pok 
N, which is towards the positive side of the battery, will de- 
viate towards the east, and the needle will assume the direr- 
tion N' S'. 

On the contrary, when the uniting wire is carried below ihc 
needle, the galvanic current being in the same direction a? 
before, as shown by fig. 240, then the same, or north pole, 
•^ ^eviate towards the west, or in the contrary direction from 
pier, and the needle w ill assume the position N' S'. 

idedle is stationary, and the current flows from the north whii 
Use needle turn 1 Explain fig. 239. 



••^:v 





»i^ 



BLECTR0-MAGNBTI8M. 



9gr 





987. When the uniting wire Fig. 340. 

18 situated in the same horizon- ^ 

tal plane with the needle, and is 
parallel to it, no movement 
takes place towards the east or 
west ; but the needle dips, or the 
end towards the positive end of ^ 
the wire is depressed, when the 
wire is on the east side, and ele- 
vated when it is on the west side. 

Thus, if the uniting wire p n, . Fig. 241. 

fig. 241, is placed on the east 
side of the needle N S; and paral- 
lel to, and on a level with it, 
then the north pole, N, being ^i- 
towards the positive ejd of the 
wire, will be elevated, and the 
needle will assume the position 
of the dotted needle N' S'. But 
if the wire be changed to the 
western side, other circumstances being the same, then the 
north pole will be depressed, and the needle will take the 
direction of the dotted line N" S". 

988. If the uniting wire, instead of being parallel to the 
needle, be placed at right angles with it, that is, in the direc- 
tion of east and west, and the needle brought near, wh^her 
above or below the wire, then the pole is depressed when 
the positive current is from the west, and elevated when itk 
from the east. 

Thus, the pole S, fig. 242, is elevated, the current of 
positive electricity being from 
p to n, that is, across the nee- 
dle from the east towards the 
west If the direction of the 
positive current is changed, 
and made to flow from n to 
p the other circumstances 
bemg the same, the south ■*' 
pole of the needle will be de- 
pressed. 

,, 989. When the uniting wire; instead of being placed in a 
horizontal position as in the last experiment, is placed ver- 

Explain figures 240, 241, and 242. 
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tically, either to the north Fig. 943. 

or south of the needle, and w 
near its pole, as showftr by 
fig. 243, then if the lower 
extremity of the wire re- 
ceives the positive current, 
as from p to n, the needle 
will turn its pole towards 
the west. J> 

If now the wire be made 

10 cross the needle at a point about half way between the 
pole and the middle, the same pole will deviate towards *the 
east. If the positive current be made to flow from the upper 
end of the wire, all these phenomena will be reversed. 

Laws of Elbctro-Maonetic Action. 

990. An examination of the facts which may be drawn 
from an attentive consideration of the above experiments, are 
sufficient to show that the magnetic force vvbich emanates 
from the conducting wire, is different in its operation from 
any other force in nature, with which philosophers had Seen 
acquainted. 

991. This force does not act in a direction parallel to that 
of the current which passes along the wire, ** but its action 
produces motion in a circular direction around the wire, that 
is, in a direction at right angles to the radius, or in the di- 
rection of the tangent to a circle described round the wire 
in a plane perpendicular to it." 

992. In consequence of this circular current, which seems 
to emanate from the regular polar currents of the battery, 
the magnetic needle is made to assume the positions indi- 
cated by the figures above described, and the effect of which 
is. to change the direction of the needle from the magnetic 
meridian, moving it through the section of a circle in a di- 
rection depending on the relative position of the wire and 
the course of the electric fluid. And we shall see hereafter 
that there is a variety of methods by which this force can be 
applied to produce a continued circular motion. 

Circular Motion of the Electro-Magnetic Fluid. 

993. We have already stated that the action of this fluid 
produces motion in a circular direction. Thus, if we sup- 
Explain figrure 943. Does the magnetic force of galvanism di^Ter 

from any force before known, or not ? In what direction does this 
force act, as it passes along the wire "i 
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pose the conducting wire to be placedjn a Tertical titnatioiit 
as shown by ^g 244, 
and p 9»,the current of 
positive electricity, to 
be descending through 
it, from p to n, and if 
through the point c in 
the wire the plane N 
N be taken, perpendi- 
cular to j? 9», tnat is in 
the present case a hori- 
zontal' plane, then if 
any number of circles 
be described in that 
plane, having c for their 
common centre, the ac- 
tion of the current in the wire upon the north pole of the 
magnet, will be to move it in a direction corresponding to 
the motion of the hands of a watch, having the dial towards 
the positive pole of the battery. The arrows show the di- 
rection of the current's motion in the figure. 

994. When the direction of the electrical current is re- 
versed, the wire stiL having its vertical position, the direc- 
tion of the circular action is also reversed, and the motion is 
that of the hands of the watch moving backwards. 

As the magnetic needle cannot perform entire revolutiona 
when it is crossed by the conducting wire, it becomes neces- 
sary, in order to show clearly that such a circulation as we 
have supposed actually exists, to describe more clearly than 
we have yet done, the means of demonstrating such an ac- 
tion, and the corresponding motion. 

995. Now the metals being conductors of the electric fluid, 
if we employ one through the substance of which the mag- 
netic needle can move, we shall have an opportunity of know- 
ing whether the fluid has the circular action in question, 
for then the needle will have liberty to move in the direction 
of the electrical current. 

996. For this purpose mercury is well adapted, being a 
good conductor of electricity, and at the same time so fluid 
as to allow a solid to circulfle in it, or on its surface, with 



Explain by fig. 244 in what direction the electro-magnetic fluid moves. 
Why is mercury well adapted to show the circular action of the gal- 
vanic fluid 1 
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considerable fiwility. This, therefore, is the subBtance em- 
ployed in these experiments. 

Means of prodvcino Elbctro-Magnetic Rotations 

997. The continued revolution of one of the poles of a 
magnet round a vertical conducting wire, may be produced 
111 Uie following manner : — 

The small glass cup, fig. 245, of which the right hand 
cut is a section, is pierced Fig. 245. c 

at the bottom for the ad- 
mission of the crooked 
piece of copper wire d, 
which is made to commu- 
nicate with one of the poles 
of a galvanic battery. To 
the end of this wire, which 
projects within the cup, is 
attached by means of a 
fine thread, the end of the 
magnet a. The string 
must be of such length as 
to allow the upper end of the magnet to reach nearly the top 
of the cup. The vertical wire c is the positive pole of the 
battery. 

998. Having made these preparations, fill the cup so full 
of mercury as only to allow a small portion of the upper end 
of the magnet to float above the surface, as shown in the 
figure. Then, by means of a little frame, or otherwise, fix 
the copper wire of the positive pole in the centre of the 
mercury, letting it dip a little below the surface, and on con- 
necting the negative pole with the wire rf, the magnet will 
revolve roundthe copper wire, and continue to do so as long 
as the connection between the two poles of the battery and 
the mercury remains unbrokeii! 

999. To insure close contact betw^een the poles of the bat- 
tery and the mercury, the ends of the wires where they dip 
into the mercury are amalgamated, which is done by means 
of a little nitrate of mercury, or by rubbing them, being of 
copper, with the metal itself. •• 




Explain fig. 245, and show how the pole of a magnet may be made to 
move in a circle. In these experiments, why are the ends of the con- 
ducting wires amalgamated ? 
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■*• 
RSTOLVTION OF THE 'CONDUCTING WiRB BOUND THE 

Pole or the Magnet. 
iOQO. In ii\fi above example the wire is fixed, while th* 
electrical current g^ves motion to the magnet But this or- 
der iaay ^ reversed, and the wire made tt) revolve, while 
tha n&agnet is stationary. 

' 100b The apparatus for this purpose is represented by 
fig";- 846, and consists of a shallow glass cup, with a tubu- 
lar stem to hold the Fig. 346. 
mercury. In the stem, 
as sete jui the section on 
itib rig^t, there is a 
small . diopper socket, 
whicfr IS nxed there by 
being fattened to a cop- 
jM^plale below, which 
'pwLe is cemented to the 
.|la^ so that no mer- 
cury can escape. This 
plate is tinned and 
amalgamated on the 
.^jipder side, and stands 
on another plate, the 

aiper side of which is 
so tinned and amal- 
gigp|;ted, and between ' 

tb sfi th^condufling wire parses, so as to insure a perfect 
meSj^ic ^mtipaity betw^n therpoles of the batterv. 

A ^strong .^ylii^^ical magn^ is placed in thf copper 
socket, w^ its vL^pfipT end so hi^ as to reach a Utde above 
the merc||ry icfaen the cup is filled. The wire connected 
with the pole of the battery, which dips into the mercury, is 
suspended by means of loops, as seen in the figures. 

1002. When the apparatus is thus arranged, and a com- 
munication made through it, oetween the poles of the bat- 
tery, the wire will revolve round the magnet with great ra- 
pidity. ; 

1003. A mora simple apparatus, answering a similar pur- 
pose, and in which toe wire revolves very rapidly, with a 
very small voltaicpower, is represented by &g. 247. 

1 004. It coBsietst^f a pieces of ^lass tube, g g, the lower end 
of which is closed by«t cork, through which a small piece 
of soft iron wire, m,4s passed, so as to project above and beloi^. 

Expku»iis,34& 
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A IiUle mercury ia llien poured in so aa to ^■_^''- 
inaKe a chanoel between the wire and ihe glass 
lube. The upper oriRce of the tube is also 
ctostid by a cork, through which a piece of 
copper wire, b, paSBes,Bndterini nates in a loop. 
Another piece of wire, c, is suspended from 
this by a loop, the end of which dips into the 
mercury, and ifi amalgamated. 

1005' In this arran^emenl, a temporary 
magnet is formed of the soft iron wire, m a, by 
the electrical fluid, and around which the o 
moveable wire, c, revolves rapidly, changing 
its direction, as usual, when tne direction of 
the current is changed. 
Revolution or a Magnet round its 

OWN AXIS, 

1006. After it was found that a conducting 
wire might be made to revolve round a mag~ 
net, and a magnet round a conducting wire, 
many attempts ivere made to obtain the rota- 
tion of a magnet and of a conductor around 
their own anes. 

The rotation of a magnet on its axis may be accomplished 
by means of galvanism, by ihe following method: — 

1007. The cylindrical magnet, ffl, tie, 348. 
lig. 248, terminales at its lower ex- 
tremity in a sharp point, which rests 
in a conical cavity of agate, so as 
much as pomibls to avoid friction 
The ressel, the sectioB of w hieh is 
here shotvn, may be of glass or 
wood. The upper end of the mag 
net is supported in the perpendicular 
position by a thin slip of wood pass 
mg across the upper part of the ves 
ae!, and having an aperture through 
it, of proper size. 

1008. A piece of quill is fitted on 
the upper end of the magnet, and 
rising a little above it, forms a cup 
to hold a globule of mercury Into 



this mercury 



end of the wire e, which has i 



jerted the lower 



cup o 




Explain bgoRaMI &»& lAa. 
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the top, containing mercury for the usual purpose The ena 
of the wire c roust be amalgamated, ^s also the termination 
of the poles of the battery, which dip into the cups c and d. 
A copper wire of considerable size pierces the bottom of the 
vessel, and ends in the cup d, like the other, containing meri 
cury, in order to make the contact perfect. 

'The vessel being now filled with mercury nearly up to a, 
so as to cover about one half the magnet, and the ends of the 
galvanic poles inserted into the cupe c and d, the magnet be- 
gins to revolve, and continues to do so as long as the con- 
nection is unbroken. 

1009. In order to produce the rotation of a magnet, it is 
necessary that the electrical influence, in every instance, 
should act only on one of the poles at the same time, because 
tfte direction of the current on the two ends are contrary to 
each other, and therefore the two forces would be neutral- 
ized, and no motion be produced. 

In the above experiment, the electrical current, having 
passed the upper half of the magnet, is diflused in the mer- 
cury in which the lower half is ^'~ """ 
buried, and thus produces no 
sensible eflfect upon it. 

1010. Another method of pro- 
ducing the rotation of a mag- 
net, is represented by ^g. 249. 
In this, a is a cylindrical mag- 
net pointed a^.both ends, and run- 
ning in an agate cup, which is 
hxed on a stem rising from the 
bottom of the stand. Its upper 
point runs in a^Kttle cavity in the 
end of the thuoib screw b, which 
passes through the cap of the 
frame-work of theapparatus. Near 
the middle of the magnet, this 
frame, which is of wood, supports 
a shelf, on which rests the circu- 
lar cistern of mercury, c, the mag- 
net passing fritely through the 
centre of both. A cistern of 
mercury, d, also surrounds the 

To produce the rotation of a magnet, on what part must the salyaii 
ism act ? Why ? Explain fig. 249, and show the course of the ele» 
trical fluid from one cud to theothef^ 
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lower point of the magnet, and in the centre of whicli ii 
placed the agate cup. A piece of copper wire projecting 
into the interior of these cisterns, terminates in a cup holding 
mercury, for the purpose of effecting a commtinica- 
tion with the galvanic battery, in the usual manner. A 
small wire of copper, pointed, aud amalgamated at the lower 
end, is fastened to the magnet, and made to dip into each of 
he cisterns of mercury, as seen in the figure. 

1011. In this arrangement, the lower half of the magnet 
onl; forms a part of the galvanic circle, the fluid passing 
in at one cup and out at the other hy the following routine, 
which is apparent by the figure. Suppose the positive wire is 
placed in the upper cup, then the circuit will be from the 
cup along the wire to the mercury in the cistern, and from 
the mercury through the bent wire to the magnet---<Lown tBe 
magnet through the lower bent wire to the mercury, and 
thence to the cup, and the negative pole of the battery. 

When the galvanic current is thus established, the rota- 
tion of the magnet begins, and if the points of the .axis are 
delicate, and the friction small, it will revolve rapidly. 

Vibratory and Rotatory Motions produced by 
MEANS OF Horse-shoe Magnets. 

1012. By the use of these magnets, both the magnetic 
poles conspire to give the motion. The influence, of the two 
poles being in contrary directions, and so near each other 
that the wire or wheel placed between them j|re within the 
magnetic currents of both, the effect appears to be, to form a 
current at right angles to the vibrating wire. The wire be- 
comes magnetic by the galvanic power, every time it touches 
the mercury between the poles of the magnet, and conse- 
quently is thrown backwards or forwards by the magnetic 
current, according to its direction ; hence, if the poles of the 
battery are charged so as to carry the electricity in a con- 
trary direction through the apparatus, the impulse on the 
wire or wheel will also be changed to the opposite direc* 
lion. If the poles of the magnet be changed, by turning it 
over, the same efl!ect will be produced, and the wheel will 
revolve in a contrary direction from what it'xiid before. 

1013. Thus, if the magnet be laid in the direction of 
north and south, with the poles towards the north, the north 
pole being on the east side, and the positive electricity be 

- — t I . - 

How may the direction of t&e vibrating wire be changed t 
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Mat through the nbrating wire, upwards, then the Tibrating 
4bree will be towards the north ; but if either the poles of the 
Wignet or those of the battery be changed, the wire will be 
diTOwn towards the south. 

Vibration of a Wire. , 

1014. A conducting copper wire, w^ ^g. 250, is suspend- 
ed by a loop from a hook of the same metal, which passes 
through an arm of metal or 
wood, as seen in the cut. The 
tapper end of the hook terminates 
ill the cup P, to contain mer- 
cury. The lower end of the 
copper wire just touches the 
mercuryr Q, contained in a lit- 
tle trough about an inch long, 
formed in the wood on which 
the horse-shoe magnet, M, is 
l«iid, the mercury being equally 
distant from the two poles. 

The cup, N, has a stem of 
wire, which passes through the 
wood of the platform into the 
mercury, this end of the wire 
being tinned, or amalganxated,^ 
80 as to form a perfect contact. 

1015. Having thus prepared 
the apparatus^ put a little mercury into the cups P and N 
and tnen form the galvanic circuit by placing the poles of 
the battery in the two cups, and if every thing is as it 
should be, the wire will begin to vibrate, being thrown with 
conaiderable force either towards M or CI, according to the 
pofitioii of the magnetic poles, or the direction of the cur- 
rent, as already explained. In either case it is thrown out 
of the meTcnry, and the galvanic circuit being thus broken, 
the efiect ceases until the wire &lls back again by its own 
weii^ht, and touches the mercury, when the current being 
agam perfected, the same influence is repeated, and the wire 
18 agam thrown away from the mercury, and thus the vibift* 
tory motion becomes constant. 

This forms an easy and beautiful electro-magnetic experi- 
ment, and may be made by any one of conunon ingenuity, 

Explain fig. 350, and describe the coarse of the electric fluid fhrni 
one c^ to the other 
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who possesses a galvanic battery, even of small power, and 
n good horse-shoe magnet 

1016. The platform may be nothing more than a piece of 
pine board eight inches long and six wide, with two sticks 
of the same wood, forming a standard and arm for suspend- 
ing the vibrating wire. The cups may be made of percus- 
sion caps, exploded, and soldered to the ends of pieces of cop- 
per bell wire. 

1017. The wire must be nicely adjusted with respect to 
the mercury, for if it strikes too deep, or is too (ar from the 
surface, no vibrations will take place. It ought to come so 
near the mercury as to produce a spark of electrical fire, as 
it passes the surmce, at every vibration, in which case it may 
be known that the whole apparatus is well arranged. The 
vibrating wire must be pointed and amalgamated, and may 
be of any length, from a few inches to a foot or two. 

Rotation of ▲ Wheel. 

1018. The same force which throws the wire away from 
the mercury, will cause the rotation of a spur-wheel. For 
this purpose the conducting wire, 
instead of bemg suspended as in 
the former experiment, must be 
fixed firmly to the arm, as sho^vn 
by hg. 251. A support for the 
axis of the wheel may be made 
by soldering a short piece to the 
side of the conducting wire, so 
as to make the form of a fork, 

'the lower ends of which must be 
flattened with a hammer, and 
pierced with fine orifices, to re- 
ceive the ends of the axis. 

1019. The apparatus for a 
revolving wheel is in every re- 
spect like that already described 
for the vibrating wire, except in* 
that above noticed. The wheel 
may be made of brass or copper,' 
but must be thin and light, and so suspended as to move 
freely and easily. The points of the notches must be amal- 

How must the points of the vibrating wire bo adjusted in order to 
•ct 1 Explain fig. 251. In what manner may the points of the spui 
V Teel be amalgamated 1 
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gamated, which i? done m a few minutes, by placing the 
wheel on a flat surface, and rubbing them with mercury by 
means of a cork. A little diluted acid from the galvanic 
battery will facilitate the process. The wheel may be from 
half an inch to several inches in diameter. A cent ham* 
mered thin, which may be done by heating it two or three 
times during the process, and then made perfectly round, 
%nd its diameter cut into notches with a file, will answer 
every purpose. 

1020. This aflTords a striking and novel experiment; for 
when every thing is properly adjusted, the wheel instantly 
begins to revolve by touching with one of the wires of the 
battery the mercury in the cup P or N. 

When the poles of the magnet, or those of the battery, are 
changed, the wheel instantly revolves in a contrary direction 
from what it did before. 

1021. It is, however, not absolutely necessary to divide 
the wheel into notches, or rays, in order to make it revolve, 
though the motion is more rapid, and the experiment suc- 
ceeds much better by doing so. 

Revolution of two Wheels. 

1022. If two wheels be arranged as represented by fig 
252, they will both re- ^ ^ Fig. 252. 
volve by the same elec- 
trical current. Eachpi 
horse-shoe magnet has 
its trough of mercury. 
The magnets have been 
omitted in the drawing, but are to be placed precisely as iir 
the last figure. The electrical communication is to be made 
through the cups of mercury, P and N, and its course is as 
follows: — From the cup it passes into the mercury; from 
the mercury through the radii to the axis of the wheel, and 
along the axis te the other wheel, down which it passes to 
the mercury, and so to the other cups, and to the opposite 
pole of the battery. 

The poles of the magnets for this experiment, must bo 
opposed to each other. 

Electro-Magnetic Induction. 

1023. Experiment proves that the passage of the gal- 
vanic current through a copper wire renders iron magnetic 

Explain fig. 252, and show how two wheels may be made to wwfitn 
by the same current. 

9S 
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when in the vicinity of the current. This is called mag 
netic induction, 

1024. The apparatus for this purpose is represented by 
fig. 253, and consists of Fig. 263. 
a copper wire coiled, by 
winuing it around a 
piece of wood. The 
turns of the wire should 
be close together for 
actual experiment, they 
being parted in the figure to show the place of the iron to 
be magnetized. The best method is, to place the coiled 
wire, which is called an electrical helix, in a glass tube, the 
two ends of the wire of course projecting. Then placing 
the body to be magnetized within the folds, send tne gal- 
vanic influence through the whole, by placing the poles of 
the battery in the cups. 

1025. Steel thus becomes permanently magnetic, the 
polos, however, changing as often as the fluid is sent through 
it in a contrary direction. A piece of watch-spring placed in 
the helix, and then suspended, will exhibit polarity, but if 
its position be reversed in the helix, and the current again 
sent through it, the north pole will become south. If one 
blide of a knife be put into one end of the helix, it will re- 
pel the north pole of a magnetic needle, and attract the 
south ; and if the other blade be placed in the opposite end 
of the helix, it will attract the north pole, and repel the 
south, of the needle. 

1026. Temporary Magnets. — Temporary magnets, of al- 
most any power, .may be made by winding a thick piece 
of soft iron with many coils of insulated copper wire. 

The best form of a magnet for this purpose is that of a 
horse-shoe, and which may be made in a few minutes by 
heating and bending a piece of cylinder iron, an inch or 
two in diameter, into this form. 

1027. The copper wire (bell wire) may be insulated by 
wmding it with cotton thread. If this cannot be procured, 
common bonnet wire will do, though it makes less powerful 
magnets than copper. 



What is meant by magnetic induction 1 Elxplain fig. 253. What is 
this figure called 1 Does any substance become permanently magnetic 
by the action of the electrical helix 1 How may Uie poles of a majniei 
be changed by the helix 1 How may temporary m^ignets be made T 



ELECTRO-MAGNETISM. 



339 




1028. The coils of wire may begin near one pole of the 
magnet and terminate near the other, as represented by ^g. 
254, or the wire may Fig. 254. 
consist of shorter pieces 
wound over each other, 
on any part of the mag- 
net. In either case, the 
ends of the wire, where 
several pieces are used, 
must be soldered to two 
strips of tinned sheet 
copper, for the com-p 
bined positive and nega- 
tive poles of the wires. 
To form the magnet, 
these pieces of copper 
are made to communi- 
cate with the poles of 
the battery, by means 
of cups containing mercury, as shown in the figure, or by 
any other method. 

1029. The effect is surprising, for on completing the cir- 
cuit with a piece of iron an inch in diameter, in the proper 
form, and properly wound, a man will find it difficult to pull 
off the armature from the poles ; but on displacing one of the 
galvanic poles, the attraction ceases instantly, and the man, -' 
If not careful, will fall backwards, taking the armature with 
him. Magnets have been constructed in this manner, which 
would suspend two or three thousand pounds. 

1030. Galvanic Battery. — One of the most con- 
venient forms of a galvanic battery for the experiments 
above d^ribed, is represented by ^g. 255. It consists of 
two concentric cylinders, of sheet copper, soldered to the 
same bottom. The diameter of the outer cylinder may be 
six inches, and the inner one four and a half inches. The 
height may be a foot or more. Between these cylinders 
of copper is placed one of zinc, but so as not to touch 
them nor the bottom. This is best done by tying three or 
/bur pieces of pine lengthwise to the zinc cylinder, letting 
ihem project half an inch below the bottom. By this ar- 
rangement the zinc can be taken from the acid, or plunged 



For what purpose are the ends of the wires to be soldered to pieces 
of copper 1 
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intn it, at any moment. Another Fig. 265. 

cyliiHJcr of zinc within the 

sinalh»r one of copper may be 

arUIixi, to increase the power, 

whrii a single one is found in- 

suiiu'icnt. This must have a 

metallic connection with the 

other zinc cylinder. 

IU31. The cups PN are the 
positive and negative sides of 
the battel y. The best way of 
forming this p:\rt ofihe appara- 
tus is to solder a slip of tinned 
copper to the inside of the cop- 
per cylinder, and another to the 
zinc, as shown in the plate. 
Th«i outer enls of these may 
readily be formed into cups by 
cutting the copper slip one third in two on each side, then 
turning this part at right angles with the other, and rolling 
what were the outer edges together, and soldering them. 

Such a battery is ample for all the experiments we have 
described. 

1032. A cheap and convenient liquid for the battery con- 
sists of water saturated with common salt, with a little sul- 
phuric acid, say an ounce or two to a quart. 

Describe the battery fig. 255. Which is the poaitivo, and which the 
negative metal 1 
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